ゼノフリー条件下に作製した間葉系幹細胞集塊 Clumps of mesenchymal stem cell/extracellular matrix complexes は自身の骨分化とホスト細胞の骨形成誘導を介して骨組織再生を促進する by Motoike, Sota
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➨ 1❶ ⥴ ㄽ 
 
ṑ࿘⅖ࡣṑ࿘⑓ཎ⣽⳦ࡢឤᰁ࡜ࡑࢀ࡟ᑐࡍࡿᐟ୺ࡢච␿ᛂ⟅ࡢ⤖ᯝࠊṑ࿘⤌⧊ࡢ◚ቯࡀ
㉳ࡇࡿ⅖⑕ᛶࡢ⑌ᝈ࡛࠶ࡿࠋṑ࿘⅖ࡢ㐍⾜ࡣࠊṑࢆᨭ࠼ࡿṑᵴ㦵ࡢ྾཰ࠊṑ࿘㠌ᖏࡢᦆയࢆ
ᘬࡁ㉳ࡇࡍࠋṑ࿘⅖ࢆᨺ⨨ࡍࡿ࡜ṑࡢ႙ኻ࡟⮳ࡾ࿪ᄮᶵ⬟పୗࠊⓎ㡢࣭ᵓ㡢㞀ᐖࡑࡋ࡚ᑂ⨾
㞀ᐖࢆᣍࡃࠋࡲࡓࠊṑ࿘⅖ࡣ⢾ᒀ⑓ࠊ㛵⠇࣐ࣜ࢘ࢳࠊ⾑⟶⑌ᝈࠊ㠀࢔ࣝࢥ࣮ࣝᛶ⬡⫫ᛶ⫢⅖ 
(NASH)ࠊ᪩⏘/పయ㔜ඣฟ⏘࡞࡝ᵝࠎ࡞඲㌟⑌ᝈࡢⓎ⑕ࡸ㐍⾜࡟㛵ࢃࡗ࡚࠸ࡿ [1-6]ࠋ୍⯡
ⓗ࡞ṑ࿘἞⒪࡜ࡋ࡚ࣈࣛࢵࢩࣥࢢࡸࢫࢣ࣮ࣜࣥࢢ࣭࣮ࣝࢺࣉ࣮ࣞࢽࣥࢢ࡟ࡼࡿ⣽⳦ࣂ࢖࢜
ࣇ࢕࣒ࣝࡢ㝖ཤࠊ࠾ࡼࡧṑ࿘࣏ࢣࢵࢺᥙ∐ࡸࣇࣛࢵࣉᡭ⾡࡟ࡼࡗ࡚⅖⑕ᛶ⫗ⱆ⤌⧊ࡢ㝖ཤ
ࡀ⾜ࢃࢀࡿࠋࡇࡢࡇ࡜࡟ࡼࡗ࡚⅖⑕ࢆ㍍ῶࡉࡏࡿࡇ࡜ࡣ࡛ࡁࡿࠋࡋ࠿ࡋࠊ႙ኻࡋࡓṑᵴ㦵ࡸ
ṑ࿘㠌ᖏࡢ෌⏕࠾ࡼࡧࡑࡢᶵ⬟ࢆᅇ᚟ࡍࡿࡇ࡜ࡣ㞴ࡋࡃࠊṑ࿘⅖෌Ⓨࡢࣜࢫࢡࡣṧࡗࡓࡲ
ࡲ࡛࠶ࡿࠋࡍ࡞ࢃࡕࠊ◚ቯࡉࢀࡓṑ࿘⤌⧊ࡣ᎘Ẽᛶࡢṑ࿘⑓ཎ⣽⳦࡟෌ឤᰁࡋࡸࡍࡃ៏ࠊ ᛶ
⅖⑕ࡀᣢ⥆ࡍࡿࠋࡑࡢ⤖ᯝࠊṑ࿘⅖࡟ࡼࡿ඲㌟࡬ࡢᝏᙳ㡪ࡶṧࡗࡓࡲࡲ࡜࡞ࡿࠋࡋࡓࡀࡗ࡚ࠊ
ṑ࿘⤌⧊෌⏕⒪ἲ࡟ࡼࡗ࡚◚ቯࡉࢀࡓṑ࿘⤌⧊ࡢᵓ㐀࠾ࡼࡧᶵ⬟ࢆᅇ᚟ࡍࡿࡇ࡜ࡣࠊཱྀ⭍
ࡢ៏ᛶឤᰁ࣭⅖⑕ࢆ㍍ῶࡉࡏࡿࡔࡅ࡛࡞ࡃ඲㌟ࡢ೺ᗣࡢ⥔ᣢ࣭ቑ㐍࡟ᴟࡵ࡚㔜せ࡛࠶ࡿࠋ 
㏆ᖺࡢ⤌⧊ᕤᏛࡢ㐍Ṍ࡟ࡼࡗ࡚ࠊኻࡗࡓ⤌⧊ࡸ⮚ჾࢆ෌⏕ࡍࡿ࡜࠸࠺඲ࡃ᪂ࡋ࠸ᴫᛕࡢ
἞⒪ࡀྍ⬟࡟࡞ࡾࡘࡘ࠶ࡿࠋ⤌⧊ᕤᏛⓗ࡟ࡣ⤌⧊෌⏕࡟ࠊ⣽⬊ࠊ㊊ሙࠊࢩࢢࢼࣝᅉᏊࡢ 3ࡘ
ࡢせ⣲ࡀᚲせ࡛࠶ࡿ [7]ࠋ⌧ᅾ⮫ᗋᛂ⏝ࡉࢀ࡚࠸ࡿṑ࿘⤌⧊෌⏕⒪ἲ࡜ࡋ࡚ࠊୖ⓶ࡢ౵ධࢆ
ᢚไࡍࡿࡇ࡜࡟ࡼࡗ࡚ෆᅾᛶࡢ⣽⬊ࡢ㐟㉮ࢆຓࡅࠊ෌⏕ࡢ㊊ሙࢆᥦ౪ࡍࡿ Guided Tissue 
Regeneration (GTR) ἲ [8] ࡀᗈࡃ⮫ᗋᛂ⏝ࡉࢀ࡚࠸ࡿࠋࡲࡓࠊࢧ࢖ࢺ࢝࢖ࣥࢆ⏝࠸ࡓṑ࿘
⤌⧊෌⏕⒪ἲ࡜ࡋ࡚ basic fibroblast growth factor (bFGF) [9, 10]ࠊplatelet derived growth 
factor (PDGF) [11-13]ࠊbone morphogenetic protein (BMP) [14, 15] ࡀ⮫ᗋᛂ⏝ࡉࢀ࡚࠸
ࡿࠋࡉࡽ࡟ࠊinsulin-like growth factor-I (IGF-I) [9]ࠊtransforming growth factor-β (TGF-
β) [12]ࠊosteogenic protein-1 (OP-1) [13]ࠊbrain-derived neurotrophic factor (BDNF) [16] 
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➼ࡢࢧ࢖ࢺ࢝࢖ࣥࢆ฼⏝ࡋࡓṑ࿘⤌⧊෌⏕ࡢᇶ♏◊✲ࡶ⾜࡞ࢃࢀ࡚࠸ࡿࠋࢧ࢖ࢺ࢝࢖ࣥ⒪
ἲࡣࠊෆᅾᛶ⣽⬊ࡢไᚚ࡟ࡼࡗ࡚෌⏕ࢆಁࡍࡓࡵ [17, 18]ࠊᑠ࣭ ୰つᶍࡢḞᦆ࡟㐺ࡋ࡚࠸ࡿࠋ
ࡋ࠿ࡋࠊṑ᰿ࡢᨭᣢࢆ࡯࡜ࢇ࡝ኻ࠺ࡼ࠺࡞኱つᶍṑ࿘⤌⧊ࡢḞᦆ࡛ࡣ⤌⧊෌⏕࡟㛵ࢃࡿ⣽
⬊ࡢᩘࡣᑡ࡞ࡃࠊ⣽⬊ᶵ⬟ࡢไᚚࡶᅔ㞴࡛࠶ࡾࠊ༑ศ࡞෌⏕ࡣᮇᚅ࡛ࡁ࡞࠸ࠋ1ቨᛶ㦵Ḟᦆ
ࡸỈᖹᛶ㦵྾཰࡞࡝ࠊᗈ⠊ᅖ࡟ࢃࡓࡿṑ࿘⤌⧊◚ቯࡀ⮫ᗋⓗ࡟ࡣከࡃㄆࡵࡽࢀࡿࡀࠊGTR
ࡸࢧ࢖ࢺ࢝࢖ࣥ⒪ἲࡢ㐺ᛂ࡛ࡣ࡞࠸ࠋࡑࡢࡓࡵࠊṑ࿘⤌⧊ࡢ኱つᶍ࡞Ḟᦆ࡟ᑐࡍࡿ⤌⧊෌⏕
⒪ἲࡢ☜❧ࡀᚲせ࡛࠶ࡿࠋṑ࿘⤌⧊ࡢ኱つᶍ࡞Ḟᦆࡢ෌⏕࡟ࡣࠊ෌⏕࡟㛵୚ࡍࡿ⣽⬊ࢆ⏕య
እ࠿ࡽ⿵඘ࡍࡿ⣽⬊἞⒪ࡀ㐺ࡋ࡚࠸ࡿ࡜⪃࠼ࡿࠋ⣽⬊἞⒪ࡢ᭱኱ࡢ≉ᚩࡣࠊ⏕యእ࡛⣽⬊ࢆ
ຍᕤ࡛ࡁࡿࡇ࡜࡛࠶ࡿࠋࡇࡢ≉ᚩࢆ฼⏝ࡍࢀࡤࠊṑ࿘⤌⧊Ḟᦆࡢ኱ࡁࡉࡸᙧែ࡟ྜࢃࡏ࡚⣽
⬊ࢆ౪⤥ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋṑ࿘⤌⧊ࡣࢭ࣓ࣥࢺ㉁ࠊṑ࿘㠌ᖏࠊṑᵴ㦵ࠊṑ⫗࡜࠸ࡗࡓ㌾⤌
⧊࡜◳⤌⧊࡛ᵓᡂࡉࢀ࡚࠾ࡾࠊࡇࢀࡽࡢ」㞧࡞⤌⧊ࢆ෌⏕ࡉࡏࡿࡓࡵ࡟ࠊከศ໬⬟ࢆ᭷ࡍࡿ
ᖿ⣽⬊ࡀ㐺ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋᖿ⣽⬊࡜ࡋ࡚ࠊ⬇ᛶᖿ⣽⬊ (embryonic stem cells: ES
⣽⬊) [19]ࠊ⤌⧊ᖿ⣽⬊ࠊேᕤከ⬟ᛶᖿ⣽⬊ (induced pluripotent stem cells: iPS⣽⬊) [20, 
21] ࡀᣲࡆࡽࢀࡿࠋES⣽⬊ࢆస〇ࡍࡿࡓࡵ࡟ࡣࣄࢺࡢ༸Ꮚࡀᚲせ࡛࠶ࡿࡇ࡜ࠊࡲࡓ ES⣽
⬊࠾ࡼࡧ iPS ⣽⬊ࡣወᙧ✀ᙧᡂࡢ༴㝤ᛶࡀ࠶ࡾ೔⌮㠃࣭Ᏻ඲ᛶࡢၥ㢟࠿ࡽ⌧᫬Ⅼ࡛ṑ࿘⤌
⧊෌⏕࡟⏝࠸ࡿࡢࡣᅔ㞴࡛࠶ࡿࠋ⤌⧊ᖿ⣽⬊ࡣ⭠ࠊ⓶⭵ࠊ㦵㧊ࠊ⫢⮚ࠊ኱⬻ࡸ⮅⮚࡞࡝ࡢᵝࠎ
࡞㡿ᇦ࡟Ꮡᅾࡋࠊ㏻ᖖࡢ᪂㝞௦ㅰࡸ๰യ἞⒵࡟࠾࠸࡚᪥ᖖⓗ࡟ቑṪ࣭ศ໬ࡋ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀ࡚࠸ࡿࠋ≉࡟㛫ⴥ⣔ᖿ⣽⬊ (mesenchymal stem cells: MSCs) ࡣ㦵ࠊ㌾㦵ࠊ➽⤌⧊ࠊ⥺
⥔ࠊ⭝ࠊ⬡⫫⤌⧊࡞࡝ࡢ㛫ⴥ⤌⧊ࡸ⚄⤒⣽⬊࡟ศ໬ࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠾ࡾ [22]ࠊ⌧᫬
Ⅼ࡟࠾࠸࡚⣽⬊἞⒪ࡢ⣽⬊※࡜ࡋ࡚᭷ᮃどࡉࢀ࡚࠸ࡿࠋ≉࡟ࠊ㦵㧊⏤᮶㛫ⴥ⣔ᖿ⣽⬊ (bone 
marrow mesenchymal stem cells: BMMSCs) ࡣ⮫ᗋ࡟࠾࠸࡚ࡶከࡃ౑⏝ࡉࢀ࡚࠸ࡿ [23]ࠋ 
ࡇࢀࡲ࡛ࡢᇶ♏◊✲࡛ࠊ㦵㧊⏤᮶ࡢ MSCs ࢆ࢔ࢸࣟࢥ࣮ࣛࢤࣥࢤࣝ࡜ΰ࿴ࡋ࡚ࣅ࣮ࢢࣝ
≟ࡢᐇ㦂ⓗṑ࿘⤌⧊Ḟᦆ࡟⮬ᐙ⛣᳜ࡋࡓ࡜ࡇࢁࠊMSCs ⛣᳜⩌ࡣ⛣᳜ᚋ 8 㐌┠࡛ᑐ↷ࡢ࢔
ࢸࣟࢥ࣮ࣛࢤࣥ⩌࡜ẚ㍑ࡋ࡚ࢭ࣓ࣥࢺ㉁ࠊṑᵴ㦵෌⏕ࡀ᭷ព࡟ಁ㐍ࡋࡓ [24]ࠋࡲࡓࠊgreen 
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fluorescent protein (GFP) ࢆ㑇ఏᏊᑟධࡋࡓMSCsࢆ⛣᳜ࡋࡓ࡜ࡇࢁࠊ⛣᳜ᚋ 4㐌┠࡟࠾
࠸࡚෌⏕ࡉࢀࡓṑ࿘⤌⧊ࡢᵓᡂ⣽⬊ࠊࡍ࡞ࢃࡕࢭ࣓ࣥࢺⱆ⣽⬊ࠊ㦵ⱆ⣽⬊ࠊ㦵⣽⬊ࠊṑ࿘㠌
ᖏ୰ࡢ⥺⥔ⱆ⣽⬊ࡀ GFP 㝧ᛶࢆ♧ࡋࡓ [25]ࠋࡇࡢ⤖ᯝ࠿ࡽࠊ⛣᳜ࡉࢀࡓ MSCs ࡀ⛣᳜㒊
఩ᒁᡤ࡛ቑṪ࣭ศ໬ࡍࡿࡇ࡜࡛ṑ࿘⤌⧊෌⏕࡟㛵୚ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
ࡉࡽ࡟ࠊࡼࡾຠ⋡ⓗ࡟㦵෌⏕ࢆಁࡍࡓࡵ࡟ࠊMSCs࡜ βࣜࣥ㓟୕࢝ࣝࢩ࣒࢘ (β-TCP) ࢆ
ే⏝ࡋ࡚⛣᳜ࡋࡓ࡜ࡇࢁࠊ⛣᳜ᚋ 4㐌┠࠿ࡽ༑ศ࡞᪂⏕㦵ࡢᙧᡂࡀᚓࡽࢀࡓࠋࡋ࠿ࡋࠊ⛣᳜
8㐌௨㝆࡟࠾࠸࡚ࠊ௦ㅰࡉࢀࡎ࡟ṧᏑࡍࡿ β-TCPࡸ࢔࣮ࣥ࢟ࣟࢩࢫࡀᩓぢࡉࢀࡓ [26]ࠋࡇ
ࡢ⤖ᯝࡣࠊᢸయ࡜ࡋ࡚⏝࠸ࡿேᕤ㊊ሙᮦᩱࡢゎỴࡍ࡭ࡁၥ㢟Ⅼࢆ♧၀ࡍࡿࠋࡓ࡜࠼ࡤࠊࣁ࢖
ࢻࣟ࢟ࢩ࢔ࣃࢱ࢖ࢺࡣ㦵ᙧᡂࡢ㊊ሙᮦᩱ࡜ࡋ࡚ከࡃ⏝࠸ࡽࢀ࡚࠸ࡿࡀࠊ⏕యෆ࡛྾཰ࡉࢀ
ࡎ࡟ᅾ⥆ࡋࠊሙྜ࡟ࡼࡗ࡚ࡣ⅖⑕࡟కࡗ࡚᤼ฟࡉࢀࡿ [27, 28]ࠋࡲࡓࠊ௚ࡢ㊊ሙᮦᩱ࡟࠾࠸
࡚ࡶࠊ⏕య㐺ྜᛶࡸ⣽⬊ᶵ⬟Ⓨ⌧ࡢไ⣙➼ࡢၥ㢟ࡀ࠶ࡿ [17, 29]ࠋ㊊ሙࡣࠊ⤌⧊෌⏕࡟㔜せ
࡞せ⣲࡛࠶ࡿࡀࠊேᕤⓗ࡞㊊ሙᮦᩱࢆṑ࿘⤌⧊෌⏕࡟⏝࠸ࡓሙྜୖࠊ グࡢࡼ࠺࡞ၥ㢟ࡀ࠶ࡿࠋ
ேᕤࡢ㊊ሙᮦᩱࢆ⏝࠸࡞࠸᪂ࡋ࠸⣽⬊⛣᳜἞⒪ἲࡀ㛤Ⓨࡉࢀࢀࡤࠊࡼࡾᮏ᮶ࡢ⏕య⤌⧊࡟
㏆࠸ຠᯝⓗ࡞෌⏕་⒪ࡢᐇ⌧࡟ࡘ࡞ࡀࡿࠋ 
⚾ࡓࡕࡢ◊✲ᐊ࡛ࡣ MSCs ࡜⣽⬊⮬㌟ࡀ⏘⏕ࡍࡿϨᆺࢥ࣮ࣛࢤࣥࢆ୺࡜ࡋࡓ⣽⬊እᇶ㉁
(ECM) ࢆ฼⏝ࡋ࡚ࠊ┤ᚄ⣙ 1 mm ࡢ୕ḟඖⓗேᕤ⣽⬊㞟ሢ clumps of MSC/ECM 
complexes (C-MSCs) ࢆ⪃᱌ࡋࡓࠋC-MSCsࡣ⮬ᕫ⏘⏕ࡋࡓϨᆺࢥ࣮ࣛࢤࣥࡀ㊊ሙ࡜ࡋ࡚
ᶵ⬟ࡍࡿࡓࡵ⤌⧊Ḟᦆ㒊࡟┤᥋⛣᳜࡛ࡁࡿࠋࡉࡽ࡟㔜せ࡞ࡇ࡜࡟ࠊ1ࡘࡢ C-MSCsࢆ⛣᳜
᭱ᑠ unit࡜ࡋ࡚ᤊ࠼ࠊࡑࢀࢆ」ᩘಶ⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊ࠸࠿࡞ࡿᙧែࡸ኱ࡁࡉࡢḞᦆ⤌
⧊࡟ᑐࡋ࡚ࡶṇ☜࡞⣽⬊⛣᳜ࡀྍ⬟࡜࡞ࡿࠋᐇ㝿ࠊࣛࢵࢺ㢌⵹ෙ㦵Ḟᦆࣔࢹࣝࡸࣅ࣮ࢢࣝ
≟᰿ศᒱ㒊⏘Ϫ⣭Ḟᦆࣔࢹࣝ࡟࠾࠸࡚Ḟᦆᙧែ࡟㐺ྜࡉࡏࡓ C-MSCs ࡢ⛣᳜ࡀ⤌⧊෌⏕
ࢆຠᯝⓗ࡟ㄏᑟࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚ࡁࡓ [30, 31]ࠋࡉࡽ࡟ࠊච␿ㄪ⠇⬟ࢆྥୖࡉࡏࡓ C-
MSCsࡣ␗✀⛣᳜ᣄ⤯ࢆᢚไࡋ࡞ࡀࡽ㦵෌⏕⬟ࢆⓎ᥹ࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓ [32]ࠋ 
ࡋ࠿ࡋࠊC-MSCs࡟ࡼࡿ㦵⤌⧊෌⏕ᶵᗎ࡟ࡘ࠸࡚ࡣᮍࡔ༑ศ࡟ゎ᫂ࡉࢀ࡚࠸࡞࠸ࠋࡇࢀࡲ
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࡛ MSCs ࡢ㦵⤌⧊෌⏕ᶵᗎ࡜ࡋ࡚ࠊ⛣᳜ඛ࡛ࢻࢼ࣮⣽⬊⮬㌟ࡀ㦵ศ໬ࡍࡿ┤᥋ⓗ㦵ᙧᡂ 
[33] ࡜ࠊࣃࣛࢡࣛ࢖ࣥຠᯝ࡟ࡼࡗ࡚࣍ࢫࢺ⣽⬊ࡢ㦵ᙧᡂࢆㄏᑟࡍࡿ㛫᥋ⓗ㦵ᙧᡂ [34, 35]
࡟ࡘ࠸࡚ሗ࿌ࡀ࠶ࡿࡀࠊ⛣᳜యẖ࡟ࡑࡢぢゎࡣ⤫୍ࡉࢀ࡚࠾ࡽࡎࠊ㆟ㄽࡀ⥆࠸࡚࠸ࡿࠋC-
MSCs ࡟ࡘ࠸࡚ࡶ⛣᳜ඛ࡛ࡢᣲືࢆ⌮ゎࡋࠊ㦵⤌⧊෌⏕ᶵᗎࢆゎ᫂ࡍࡿࡇ࡜ࡣ⮫ᗋᛂ⏝ࢆ
┠ᣦࡍୖ࡛㠀ᖖ࡟㔜せ࡛࠶ࡿ୍ࠋ ⯡ⓗ࡟ࡣࠊ⣽⬊⛣᳜἞⒪ࡢ⤌⧊෌⏕ᶵᗎࡢゎᯒ࡟ࡣࠊ㧗࠸
෌⌧ᛶࡀせồࡉࢀࡿࡓࡵࠊࣟࢵࢺ㛫ࡢ⤌ᡂᕪ࡟ࡼࡗ࡚⛣᳜యࡢᆒ୍ᛶࠊ෌⌧ᛶࢆᦆ࡞ࢃࡏࡿ
ྍ⬟ᛶࡢ࠶ࡿ⾑Ύࡢ౑⏝ࡣዲࡲࡋࡃ࡞࠸ࠋࡉࡽ࡟⮫ᗋᛂ⏝ࢆ⪃࠼ࡿ࡜ࠊᮍ▱ࡢឤᰁ※ࢆఏ᧛
ࡉࡏࡿྍ⬟ᛶࡢ࠶ࡿ␗✀ື≀⏤᮶ᡂศࢆ⏝࠸ࡎ࡟⛣᳜యࢆస〇࡛ࡁࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋ
ࡑࡇ࡛ᮏ◊✲࡛ࡣࠊC-MSCsࢆ Xeno-free/Serum-free᮲௳ୗ࡟స〇ࡋࠊ⛣᳜ᚋࡢ㦵෌⏕㐣
⛬࡟࠾ࡅࡿ C-MSCs ᵓᡂ⣽⬊࡜ ECM ࡢ⤌⧊ෆศᕸࢆホ౯ࡋ㦵⤌⧊෌⏕ᶵᗎࡢゎᯒࢆ⾜࠺
ࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ 
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➨ 2❶ Xeno-free/Serum-free᮲௳ୗ࡛స〇ࡋࡓ C-MSCsࡢᛶ㉁ 
 
➨ 1⠇ Xeno-free/Serum-free᮲௳ୗ࡛ࡢ C-MSCsస〇 
 
➨ 1㡯 ᴫ せ 
In vitro࡟࠾࠸࡚ࣄࢺ㦵㧊⏤᮶MSCs࠿ࡽ Xeno-free/Serum-free᮲௳ୗ࡟ C-MSCsࢆ
స〇ࡋࠊࡑࡢ⏕≀Ꮫⓗᛶ㉁ࢆ᳨ウࡋࡓࠋ 
 
➨ 2㡯 ᮦᩱ࡜᪉ἲ 
1. ࣄࢺMSCsࡢᇵ㣴ἲ 
⣽⬊ࡣᗈᓥ኱Ꮫ೔⌮ጤဨ఍࡛ᢎㄆࢆᚓࡓୖ࡛ࠊ⌮໬Ꮫ◊✲ᡤ㸦Ⲉᇛ㸧࠿ࡽᥦ౪ࡉࢀࡓࣄࢺ
⭠㦵⏤᮶ࡢ  MSCs (MSCs-R41) ࢆ౑⏝ࡋࡓࠋᇵ㣴ᾮࡣࠊDulbecco’s Modified Eagle’s 
Medium (DMEM) (Sigma-Aldrich, Steinheim, Germany) ࡟ 10% fetal bovine serum 
(FBS) (Hyclone, Logan, UT, USA)ࠊ100 U/ml penicillin (Sigma-Aldrich)ࠊ100 μg/ml 
streptomycin (Sigma-Aldrich) ࢆῧຍࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋᇵ㣴ࡣ 10 cm ࢩ࣮ࣕࣞ
㸦Corning, Corning, NY, USA㸧ୖ࡛ࠊ37Υࠊ5㸣 CO2Ẽ┦ୗ࡟⣽⬊ࡀࢧࣈࢥࣥࣇ࢚ࣝࣥ
ࢺ࡟࡞ࡿࡲ࡛⾜ࡗࡓࠋᇵᆅ஺᥮ࡣ 3᪥ẖ࡟⾜ࡗࡓࠋᐇ㦂࡟ࡣ 4௦⥅௦ࡋࡓMSCsࢆ⏝࠸ࡓࠋ 
 
2. Xeno-free/Serum-free ᮲௳ୗ࡛ࡢ⣽⬊㞟ሢ C-MSCsࡢస〇ἲ 
Xeno-free/Serum-free᮲௳ୗ࡟ C-MSCsࢆస〇ࡍࡿࡓࡵࠊMSCsࢆ 48-wellࣉ࣮ࣞࢺ࡟
1.0×105 cells/well࡛᧛✀ࡋࠊXeno-freeቑṪᇵᆅ (Prime-XV MSC expansion XSFM, Irvine 
Scientific, Santa Ana, CA, USA) ࡛ 4᪥㛫ᇵ㣴ࡋ ECMࢆ⏘⏕ࡉࡏࡓࠋࡑࡢᚋࠊ࢙࢘ࣝ࠿
ࡽ MSCs/ECM 」ྜయࢆ㕌ⓗ࡟๤㞳ࡋ࡚ᾋ㐟ࡉࡏࠊ24-well ultra low binding ࣉ࣮ࣞࢺ 
(AGC ࢸࢡࣀࢢࣛࢫࠊ㟼ᒸ ) ࡟⛣ືࡋࠊࡉࡽ࡟ Xeno-free 㦵ศ໬ㄏᑟᇵᆅ  (MSCgo 
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Osteogenic-SF, XF medium, Biological Industries, Beit Haemek, Israel) ࡟࡚⌫≧࡟࡞ࡿ
ࡲ࡛ 3᪥㛫ᇵ㣴ࡍࡿࡇ࡜࡛⣽⬊㞟ሢ C-MSCsࢆᚓࡓࠋMSCs/ECM 」ྜయࢆ๤㞳ࡋࡓ᪥ࢆ
Day0 (⣽⬊ࢩ࣮ࢺ)ࠊ๤㞳 1᪥ᚋࢆ Day1ࠊ๤㞳 3᪥ᚋࢆ Day3 (C-MSCs) ࡜ࡋࠊྛ᫬Ⅼ࡛
⣽⬊㞟ሢ࡜ࡋ࡚ᅇ཰ࡋࠊゎᯒࢆ⾜ࡗࡓࠋ 
 
3. ࣇ࣮ࣟࢧ࢖ࢺ࣓ࢺ࣮ࣜ (FCM) ゎᯒ 
  Day0 (⣽⬊ࢩ࣮ࢺ) ࡢMSCs/ECM」ྜయ࡟ࠊ37Υ࡛ 20ศ㛫 accutase (Innovative Cell 
Technologies, San Diego, CA, USA) ฎ⌮ࢆ᪋ࡋࠊࢧࣥࣉࣝࡢᅇ཰ࢆ⾜ࡗࡓࠋ⣽⬊ΰ⃮ᾮࢆ
ᚓࡿࡓࡵ࡟ࠊᅇ཰ࡋࡓࢧࣥࣉࣝࢆ 70 μm ࢭࣝࢫࢺ࣮ࣞࢼ࣮ (BD Biosciences, Franklin 
Lakes, NJ, USA) ࡛ℐ㐣ࡋࡓࠋ1% FBS (Hyclone, Logan) /PBS⁐ᾮ࡛ 1᫬㛫ࣈࣟࢵ࢟ࣥ
ࢢࡋࠊPBS࡛Ὑίᚋࠊᚓࡽࢀࡓ⣽⬊࡟ᢠయࢆ 4Υ࡛ 1᫬㛫཯ᛂࡉࡏࡓࠋᢠయ࡜ࡋ࡚ PEᶆ㆑
ᢠࣄࢺ CD105࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ (SN6; 1:100; eBioscience, San Diego, CA, USA)ࠊ
PEᶆ㆑ᢠࣄࢺ CD90࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ (5E10; 1:100; BD pharmingen, Franklin 
lakes, NJ, USA)ࠊPE ᶆ㆑ᢠࣄࢺ CD73 ࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ (AD2; 1:100; BD 
pharmingen)ࠊPE ᶆ㆑ᢠࣄࢺ CD45 ࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ  (HI30; 1:100; BD 
pharmingen)ࠊPE ᶆ㆑ᢠࣄࢺ CD34 ࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ  (563; 1:100; BD 
pharmingen) ࠾ࡼࡧ PE ᶆ㆑࢔࢖ࢯࢱ࢖ࣉ࣭ࢥࣥࢺ࣮ࣟࣝᢠయ (MOPC-21; 1:100; BD 
pharmingen) ࢆ཯ᛂࡉࡏࡓࠋPBS࡛ὙίᚋࠊFACScan flow cytometer (BD Biosciences) 
࡜ Cell Quest software (BD Biosciences) ࢆ⏝࠸࡚ゎᯒࢆ⾜ࡗࡓࠋ 
 
4. ⤌⧊Ꮫⓗゎᯒ 
1) ࣐࣊ࢺ࢟ࢩ࣭࢚ࣜࣥ࢜ࢪࣥ (HE) ᰁⰍ 
Day 0, 1, 3࡛ C-MSCsࢆᅇ཰ࡋࠊ4 % ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓࠋࢧࣥࣉࣝ
ࢆࣃࣛࣇ࢕ࣥ࡟ໟᇙࡋࠊ8 μm ࡢཌࡉ࡛ⷧษࡋࡓࠋࣃࣛࣇ࢕ࣥษ∦ࢆ⬺ࣃࣛࣇ࢕ࣥᚋࠊHE
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ᰁⰍࢆ⾜࠸ࠊගᏛ㢧ᚤ㙾㸦ECLIPSE E600W; ࢽࢥࣥࠊᮾி㸧࡛ほᐹࡋࡓࠋ 
 
2) ⺯ගච␿ᰁⰍ 
 Day 3࡛ C-MSCsࢆᅇ཰ࡋࠊ4 % ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓᚋࠊ30㸣 ࢫࢡ
࣮ࣟࢫ⁐ᾮ࡛⨨᥮ࡋࡓࠋC-MSCsࢆ OCT ࢥࣥࣃ࢘ࣥࢻ (Sakura Finetek USA, Torrance, 
CA, USA) ࡟ໟᇙᚋࠊࢡࣛ࢖࢜ࢫࢱࢵࢺࢆ⏝࠸࡚ཌࡉ 20 μm࡛ⷧษࡋ෾⤖ษ∦ࢆస〇ࡋ
ࡓࠋษ∦ࢆ 1᫬㛫㢼஝ࡉࡏࠊPBS࡛Ὑίᚋࠊ0.5% TRITON X-100 (Sigma-Aldrich) /PBS 
⁐ᾮࢆ⏝࠸࡚㏱㐣໬ࡋࡓࠋPBS࡛Ὑίࡋࠊ5% BSA/0.1% TWEEN 20/PBS ⁐ᾮࢆ⏝࠸࡚
ᐊ ࡛ 1᫬㛫ࣈࣟࢵ࢟ࣥࢢࡋࡓࠋษ∦ࢆ PBS࡛Ὑίᚋࠊ୍ḟᢠయࢆ 4Υ୍࡛᫨ኪ཯ᛂࡉࡏ
ࡓࠋ୍ḟᢠయ࡜ࡋ࡚ࠊᢠࣄࢺϨᆺࢥ࣮ࣛࢤࣥ (ࣄࢺ COLϨ) ࣛࣅࢵࢺࣔࣀࢡ࣮ࣟࢼࣝᢠయ 
(EPR7785; 1:100; abcam, Cambridge, UK)ࠊᢠࣄࢺ࢜ࢫࢸ࣏࢜ࣥࢳࣥ (ࣄࢺ OPN) ࣖࢠ
࣏ࣜࢡ࣮ࣟࢼࣝᢠయ (1:100; R&D Systems, Minneapolis, MN, USA)ࠊᢠࣄࢺ࢜ࢫࢸ࢜࢝
ࣝࢩࣥ (ࣄࢺ OCN) ࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ (OCG3; 1:100; abcam, Cambridge, UK) 
ࢆ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛Ὑίࡋࠊ஧ḟᢠయࢆᐊ ࡛ 5᫬㛫཯ᛂࡉࡏ
ࡓࠋ஧ḟᢠయ࡜ࡋ࡚ࠊAlexa Fluor 488 ᢠࣛࣅࢵࢺ IgGᢠయ (1:100; ThermoFisher, 
Waltham, MA, USA)ࠊAlexa Fluor 594 ᢠ࣐࢘ࢫ IgGᢠయ (1:100; ThermoFisher) ࡲࡓ
ࡣ Alexa Fluor 594 ᢠࣖࢠ IgGᢠయ (1:100; ThermoFisher) ࢆ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢
ᚋࠊษ∦ࢆ PBS࡛Ὑίࡋࠊ⣽⬊᰾ࢆ 4’,6-diamidino-2-phenylindole (DAPI) solution 
(1:200; ྠோ໬Ꮫ◊✲ᡤࠊ⇃ᮏ) ࢆ⏝࠸࡚ᑐẚᰁⰍࡋࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS ࡛Ὑί
ࡋࠊỈ⣔ᑒධ๣ (Fluoromount-G; Thermo Fisher) ࢆ⏝࠸࡚ᑒධࡋࡓࠋྛࢱࣥࣃࢡⓎ⌧ཬ
ࡧ⣽⬊᰾ࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾 (Olympus FV1000D laser scanning confocal 
microscope; ࢜ࣜࣥࣃࢫࠊᮾி) ࢆ⏝࠸࡚ほᐹࡋࡓࠋ 
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5. ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ࡢ᳨ฟ 
 Day 3࡛ C-MSCsࢆᅇ཰ࡋࠊ4 % ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓࠋヨᩱࢆࣃࣛࣇ
࢕ࣥ࡟ໟᇙࡋࠊ20 μmࡢཌࡉ࡛ⷧษࡋࡓࠋࣃࣛࣇ࢕ࣥษ∦ࢆ⬺ࣃࣛࣇ࢕ࣥᚋࠊDeadEnd™ 
Fluorometric TUNEL System (Promega, Madison, WI, USA) ࢆ⏝࠸࡚࢔࣏ࢺ࣮ࢩࢫ⣽⬊
ࢆ᳨ฟࡋࡓࠋ⣽⬊᰾ࢆ DAPI solution (1:200; ྠோ໬Ꮫ◊✲ᡤ) ࢆ⏝࠸࡚ᑐẚᰁⰍࡋࡓࠋ
཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛ὙίࡋࠊỈ⣔ᑒධ๣ (Fluoromount-G; Thermo Fisher) ࢆ⏝
࠸࡚ᑒධࡋࡓࠋ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ཬࡧ⣽⬊᰾ࡣඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾 (Olympus 
FV1000D laser scanning confocal microscope; ࢜ࣜࣥࣃࢫ) ࢆ⏝࠸࡚ほᐹࡋࡓࠋ 
 
➨ 3㡯  ⤖ ᯝ 
➨ 2❶ ➨ 2㡯࡟グ㍕ࡋࡓ᪉ἲ࡛ Xeno-free᮲௳ୗ࡟ C-MSCsࢆస〇ࡋࡓࠋMSCs/ECM
」ྜయࢆᚓࡿࡓࡵ࡟ࠊMSCsࢆ Prime-XV MSC expansion XSFM࡛ 4᪥㛫ᇵ㣴ࡋࡓᚋࠊ
㕌ⓗ࡟๤㞳ࡋࡓ (ᅗ 1A-a)ࠋ࢙࢘ࣝ࠿ࡽ⣽⬊ࢩ࣮ࢺࡢ≧ែ࡛๤㞳ࡋࡓ MSCs/ECM」ྜయ
ࢆMSCgo Osteogenic-SF, XF medium ࡟࡚⌫≧࡟࡞ࡿࡲ࡛ 3 ᪥㛫ᇵ㣴ࡋࡓ࡜ࡇࢁࠊ⣽⬊
㞟ሢ C-MSCsࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡓ (ᅗ 1A-b)ࠋXeno-free᮲௳ୗ࡛ࡢᇵ㣴ࡀMSCsࡢᛶ㉁
࡟ᙳ㡪ࢆ୚࠼ࡿ࠿ࢆ☜ㄆࡍࡿࡓࡵ࡟ࠊFCMゎᯒ࡟ࡼࡗ࡚MSC࣐࣮࣮࢝ࡢⓎ⌧⋡ࢆホ౯ࡋ
ࡓ࡜ࡇࢁࠊMSC㝧ᛶ࣐࣮࣮࡛࢝࠶ࡿ CD105ࠊCD90ࠊCD73ࡣ࠸ࡎࢀࡶ 93㸣௨ୖࡢ㧗࠸
Ⓨ⌧ࡀ☜ㄆࡉࢀࡓࠋ୍᪉ࠊMSC㝜ᛶ࣐࣮࣮࡛࢝࠶ࡿ CD45, CD34 ࢆⓎ⌧ࡍࡿ⣽⬊ࡣ࡯࡜
ࢇ࡝ㄆࡵࡽࢀ࡞࠿ࡗࡓ (ᅗ 1B)ࠋࡇࡢࡇ࡜࠿ࡽࠊXeno-free᮲௳ୗࡢᇵ㣴࡟࠾࠸࡚ࠊC-
MSCsࡢMSC≉ᛶࡣ⥔ᣢࡉࢀ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋHEᰁⰍ࡟ࡼࡗ࡚ࠊ๤㞳ࡋࡓ
MSCs/ECM」ྜయࡣ᫬㛫⤒㐣౫Ꮡⓗ࡟཰⦰ࡋࠊ㞟ሢᵓ㐀ࢆᙧᡂࡋ࡚࠸ࡃࡇ࡜ࡀ☜ㄆࡉࢀ
ࡓ (ᅗ 1C)ࠋC-MSCs࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫࢆホ౯ࡍࡿࡓࡵ TUNELᰁⰍࢆ⾜ࡗࡓ࡜ࡇ
ࢁࠊ㢧ⴭ࡞ᩘࡢ TUNEL㝧ᛶ⣽⬊ࡣほᐹࡉࢀࡎࠊ㔜⠜࡞࢔࣏ࢺ࣮ࢩࢫࡣ⏕ࡌ࡚࠸࡞࠿ࡗࡓ 
(ᅗ 1D)ࠋC-MSCsࡢ ECMⓎ⌧࡟ࡘ࠸࡚⺯ගච␿ᰁⰍࢆ⾜ࡗࡓ࡜ࡇࢁࠊC-MSCsࡣ㇏ᐩ
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࡞ࣄࢺ COLϨ࡛ᵓᡂࡉࢀ࡚࠸ࡿࡇ࡜ࡀほᐹࡉࢀࡓࠋ୍᪉࡛ࠊ㠀ࢥ࣮ࣛࢤࣥᛶ㦵ᇶ㉁㛵㐃ࢱ
ࣥࣃࢡ࡛࠶ࡿࣄࢺ OPN࡜ࣄࢺ OCNࡢⓎ⌧ࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓ (ᅗ 1E)ࠋ 
 
➨ 2⠇ Xeno-free/Serum-free᮲௳ୗ࡛స〇ࡋࡓ C-MSCsࡢ㦵⤌⧊෌⏕⬟ࡢ᳨ウ 
 
➨ 1㡯 ᴫ せ 
Xeno-free/Serum-free᮲௳ୗ࡛స〇ࡋࡓ C-MSCsࢆ NOD/ShiJic-scidJcl (SCID) ࣐࢘
ࢫࡢ㢌⵹ෙ㦵Ḟᦆ࡟⛣᳜ࡋࠊ㦵⤌⧊෌⏕⬟ࡢ᳨ウࢆ⾜ࡗࡓࠋ 
 
➨ 2㡯 ᮦᩱ࡜᪉ἲ 
1. SCID࣐࢘ࢫ㢌⵹ෙ 1.6mm㦵Ḟᦆࣔࢹࣝ࡬ࡢ C-MSCs⛣᳜ 
 ᐇ㦂࡟ࡣࠊච␿୙඲ࣔࢹࣝື≀ࡢ㞝ࡢ SCID ࣐࢘ࢫ  (7–8 㐌㱋 , Charles River 
Laboratories Japan, ᶓ὾) 72༉ࢆ⏝࠸ࡓࠋື≀ᐇ㦂ࡣᗈᓥ኱Ꮫ⮬↛⛉Ꮫ◊✲ᨭ᥼㛤Ⓨࢭࣥ
ࢱ࣮⏕࿨⛉Ꮫ◊✲ᨭ᥼ศ㔝࣭ࣛ࢖ࣇࢧ࢖࢚ࣥࢫᩍ⫱◊✲ᨭ᥼㒊ື≀ᐇ㦂᪋タࡢᐇ㦂ᣦ㔪࡟
ᇶ࡙࠸࡚⾜ࡗࡓࠋ࣐࢘ࢫ࡟ 3✀ΰྜ㯞㓉⸆ࢆ⭡⭍ෆᢞ୚ࡋ඲㌟㯞㓉ࢆ⾜ࡗࡓࠋ3✀ΰྜ㯞㓉
⸆࡟ࡣࠊ࣓ࢹࢺ࣑ࢪࣥ (ࢻ࣑ࢺ࣮ࣝࠊ0.3mg/kg)ࠊ࣑ࢲࢰ࣒ࣛ (ࢻ࣑࣒ࣝ࢝ࠊ4mg/kg)ࠊࣈࢺ
ࣝࣇ࢓ࣀ࣮ࣝ (࣋ࢺࣝࣇ࢓࣮ࣝࠊ5mg/kg) ࢆ⏝࠸ࡓࠋ㢌㡬㒊ࢆ๋ẟࠊᾘẘᚋ࡟ 15c␒ࡢ࣓ࢫ
ࢆ⏝࠸࡚ᚋ㢌㦵࠿ࡽ๓㢌㦵ࡲ࡛ࡢ⓶⭵ࢆ▮≧ษ㛤ࡋࡓࠋ⓶⭵ࢆ㦵⭷ࡈ࡜๤㞳ࡋࠊ㢌⵹㦵ࢆ᫂
♧ࡋࡓࠋᕥྑࡢ㢌㡬㦵࡟ࣛ࢘ࣥࢻࣂ࣮ࢆ⏝࠸࡚ࠊ㢌⵹⦭ྜࢆ㑊ࡅࡿࡼ࠺࡟┤ᚄ 1.6 mm ࡢ
㦵Ḟᦆࢆస〇ࠊ⛣᳜ᗋ࡜ࡋࡓࠋ㦵Ḟᦆ࡟ᑐࡋ࡚ C-MSCs ࢆ 1ࡘ⛣᳜ࡋࠊ4-0⤱⣒࡛⦭ྜࡋ
ࡓࠋ࡞࠾ࠊ㦵Ḟᦆ࡟ఱࡶ⛣᳜ࡋ࡞࠿ࡗࡓ⩌ࢆ㠀⛣᳜⩌࡜ࡋࡓࠋ 
 
2. micro CT ゎᯒἲ  
⣽⬊⛣᳜ᚋ 1, 2, 4, 8 㐌┠࡛࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ ࡟ 4 % ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹ
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ࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓࠋࢧࣥࣉࣝࢆPBS࡛Ὑίᚋࠊmicro CT (Skyscan 1176㸪Bruker, Billerica, 
MA, USA) ࡛᧜ᙳࡋࡓࠋ᧜ᙳ᮲௳ࡣࠊ⟶㟁ᅽ 50 kVࠊ⟶㟁ὶ 0.5 mAࠊࣆࢡࢭࣝࢧ࢖ࢬ 8 
μmࠊࢫࢸࢵࣉゅᗘ 0.5 ᗘࠊ㟢ග᫬㛫 230 ms࡛⾜ࡗࡓࠋCTVOL software 2.3.2.0 (64bit) 
(Bruker) ࢆ⏝࠸࡚⏬ീ෌ᵓᡂࢆ⾜ࡗࡓࠋ㦵Ḟᦆ㒊ࢆྵࡴࡼ࠺࡟ࠊ┤ᚄ 1.6 mmࡢ෇ᙧ600 
μm (33ࢫࣛ࢖ࢫ) ࡢ෇ᰕ≧㛵ᚰ㡿ᇦ (ROI) ࢆタᐃࡋࠊCT-An software 1.12.0.0+ (Bruker) 
ࢆ⏝࠸࡚ࠊThreshold 80-255ࡢ⠊ᅖ࡛ゎᯒࢆ⾜ࡗࡓ [36]ࠋ 
 
3. HEᰁⰍ 
 ⣽⬊⛣᳜ᚋ 1, 2, 4, 8 㐌┠࡛࣐࢘ࢫࢆᒕẅࠋ㢌⵹㦵ࢆᅇ཰ᚋ ࡟ 4% ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹ
ࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓࠋࢧࣥࣉࣝࢆࣃࣛࣇ࢕ࣥ࡟ໟᇙࡋࠊ๓㢌᩿᪉ྥ࡟ 8 μmࡢཌࡉ࡛ⷧษࡋ
ࡓࠋࣃࣛࣇ࢕ࣥษ∦ࢆ⬺ࣃࣛࣇ࢕ࣥᚋࠊHEᰁⰍࡋࠊගᏛ㢧ᚤ㙾㸦ECLIPSE E600W; ࢽࢥ
ࣥ㸧࡛ほᐹࡋࡓࠋ 
 
4. ⤫ィゎᯒ 
Studentࡢ t᳨ᐃࢆ⏝࠸࡚ 2⩌㛫ࡢᕪࡢ⤫ィゎᯒࢆ⾜ࡗࡓࠋ 
 
➨ 3㡯 ⤖ ᯝ 
micro CT (๓㢌᩿༢ᒙཬࡧỈᖹ᩿ 3Dᵓ⠏⏬ീ) ᧜ᙳࢆ⾜ࡗࡓ࡜ࡇࢁࠊ㠀⛣᳜⩌࡛ࡣࠊ㢌
⵹ෙḞᦆస〇8㐌㛫ᚋࡲ࡛ࠊḞᦆ㒊࡟▼⅊໬≀ࡢᙧᡂࡣ࡯࡜ࢇ࡝ほᐹࡉࢀ࡞࠿ࡗࡓ (ᅗ2B)ࠋ
ࡇࡢᡤぢ࡜୍⮴ࡋ࡚ࠊHEᰁⰍീ࡛ࡣࠊࡑࡢḞᦆ㒊࡟ⷧ࠸⥺⥔ᛶ⤌⧊ࡀㄆࡵࡽࢀࡿࡢࡳ࡛࠶
ࡗࡓ (ᅗ 2D)୍ࠋ ᪉࡛ࠊC-MSCs⛣᳜⩌࡛ࡣ᫬㛫౫Ꮡⓗ࡟Ḟᦆ㒊࡟᫂ࡽ࠿࡞▼⅊໬≀ࡢᙧᡂ
ࢆㄆࡵࡓ (ᅗ 2B, C)ࠋHEᰁⰍീ࡛ࡣࠊ⛣᳜ 1㐌ᚋ࡛ࡣḞᦆ㒊࡟ࠊ⛣᳜ࡋࡓ C-MSCs⏤᮶
࡜ᛮࢃࢀࡿከࡃࡢ⣽⬊࡜⥺⥔ᛶࡢᇶ㉁ᵓ㐀ࢆ☜ㄆࡋࡓ (ᅗ 2E)ࠋ⛣᳜ 2 㐌ᚋ࡛ࡣᇶ㉁ᵓ㐀
ࡢจ㞟࡜ࠊ᩿➃㒊㎶⦕࡟㍍ᚤ࡞㦵⤌⧊ῧຍࢆ☜ㄆࡋࡓ (ᅗ 2E)ࠋὀ┠ࡍ࡭ࡁࡇ࡜࡟ࠊ⛣᳜ 4
㐌ᚋ࡛ࡣḞᦆ୰ኸ㒊࡟࿘ᅖ㦵࡜ྠ➼ࡢ࢚࢜ࢪࣥᰁⰍᛶࢆ♧ࡍᮍ⇍࡞㦵ᵝ⤌⧊ࡢᙧᡂ࡜ࠊ㦵
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᩿➃㒊࡜㐃⥆ࡍࡿ࿘ᅖ࠿ࡽࡢ㦵ᵝ⤌⧊ࡢᙧᡂࡀ☜ㄆࡉࢀࡿࡼ࠺࡟࡞ࡗࡓ (ᅗ 2E)ࠋࡑࡋ࡚ࠊ
⛣᳜ 8 㐌ᚋ࡛ࡣḞᦆ㒊ࢆそ࠺ࡼ࠺࡟ࠊෆ㒊࡟㦵㧊ᵝᵓ㐀ࢆྵࡴ㦵ᵝ⤌⧊ࡢᙧᡂࡀ☜ㄆࡉࢀ
ࡓ (ᅗ 2E)ࠋ 
 
➨ 3⠇ ᑠ ᣓ 
 Xeno-free ᮲௳ୗ࡟ C-MSCs ࢆస〇ࡍࡿࡇ࡜ࡣྍ⬟࡛࠶ࡗࡓࠋࡉࡽ࡟ࠊC-MSCs ࡢ⛣᳜
ࡣ㦵⤌⧊ࢆຠᯝⓗ࡟෌⏕ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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➨ 3❶ C-MSCsࡢ㦵⤌⧊෌⏕ᶵᗎࡢゎᯒ 
 
➨ 1⠇ C-MSCs⛣᳜࡟ࡼࡿ㦵⤌⧊෌⏕㐣⛬࡟࠾ࡅࡿࢻࢼ࣮⣽⬊࡜࣍ࢫࢺ⣽⬊ࡢศᕸゎᯒ 
 
➨ 1㡯 ᴫ せ 
C-MSCs⛣᳜࡟ࡼࡿ㦵⤌⧊෌⏕㐣⛬࡟࠾ࡅࡿࢻࢼ࣮⣽⬊࡜࣍ࢫࢺ⣽⬊ࡢศᕸࢆゎᯒࡍࡿ
ࡓࡵࠊࣄࢺ vimentin≉␗ⓗᢠయࢆ⏝࠸ࡓᰁⰍࢆ⾜࠸ࠊ⛣᳜ࡋࡓࢻࢼ࣮⣽⬊ࢆ⤒᫬ⓗ࡟㏣
㊧ࡋࡓࠋ 
 
➨ 2㡯 ᮦᩱ࡜᪉ἲ 
1. ࣄࢺ vimentin ࡟ᑐࡍࡿ⺯ගච␿ᰁⰍἲ 
 ➨ 2❶ ➨ 2⠇ ➨ 2㡯 3. ࡛グ㍕ࡋࡓ᪉ἲ࡟ᚑ࠸ࠊ⛣᳜ᚋ 1, 2, 4, 8 㐌┠ࡢ㢌⵹㦵ࡢࣃ
ࣛࣇ࢕ࣥໟᇙࢆ⾜࠸ࠊࡑࡢᚋࠊ๓㢌᩿᪉ྥ࡟ 20 μmࡢཌࡉ࡛ⷧษࡋࡓࠋࣃࣛࣇ࢕ࣥษ∦ࢆ
PBS࡛Ὑίᚋࠊ5% BSA/0.1% TWEEN 20/PBS ⁐ᾮࢆ⏝࠸࡚ᐊ ࡛ 1᫬㛫ࣈࣟࢵ࢟ࣥࢢ
ࡋࡓࠋษ∦ࢆ PBS࡛Ὑίᚋࠊ୍ḟᢠయ࡜ࡋ࡚ࠊᢠࣄࢺ vimentin ࣛࣅࢵࢺࣔࣀࢡ࣮ࣟࢼࣝ
ᢠయ (SP20; 1:100; abcam) ࢆ 4Υ୍࡛᫨ኪ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛Ὑί
ࡋࠊ஧ḟᢠయ࡜ࡋ࡚ Alexa Fluor 488 ᢠࣛࣅࢵࢺ IgGᢠయ (1:100; ThermoFisher) ࢆᐊ
 ࡛ 5᫬㛫཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛Ὑίࡋࠊ⣽⬊᰾ࢆ DAPI solution 
(1:200; ྠோ໬Ꮫ◊✲ᡤ) ࢆ⏝࠸࡚ᑐẚᰁⰍࡋࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛ὙίࡋࠊỈ
⣔ᑒධ๣ (Fluoromount-G; Thermo Fisher) ࢆ⏝࠸࡚ᑒධࡋࡓࠋࢧࣥࣉࣝࡢ⺯ගࢩࢢࢼࣝ
ࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾(Olympus FV1000D laser scanning confocal microscope; ࢜ࣜࣥ
ࣃࢫ) ࢆ⏝࠸࡚ほᐹࡋࡓࠋ㦵Ḟᦆ୰ኸ㒊ࠊ㎶⦕㒊 (୧ഃ)ࠊࡑࡋ࡚୰㛫㒊 (୧ഃ) ࡢ 5࠿ᡤ
࡟ࡘ࠸࡚ࣄࢺ vimentin㝧ᛶࢻࢼ࣮⣽⬊ᩘ࡜ࠊࣄࢺ vimentin㝜ᛶ࣍ࢫࢺ⣽⬊ᩘࢆィ ࡋ
ࡓࠋ⤖ᯝࢆᖹᆒࡋࠊྛᅇ཰ẁ㝵࡛ࡢ⣽⬊ᩘࡢᐃ㔞ࢆ⾜ࡗࡓࠋ 
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2. ⤫ィゎᯒ 
  ➨ 2❶ ➨ 2⠇ ➨ 2㡯 4. ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
 
➨ 3㡯 ⤖ ᯝ 
 ⛣᳜ 1 㐌┠࡛ࡣࠊḞᦆ㒊ࡣ⛣᳜ࡋࡓ C-MSCs ⏤᮶࡛࠶ࡿࡇ࡜ࢆ♧ࡍࣄࢺ vimentin 㝧ᛶ
ࡢࢻࢼ࣮⣽⬊࡛‶ࡓࡉࢀ࡚࠸ࡓ (ᅗ 3A)ࠋࡑࡢᚋࠊ᫬㛫⤒㐣౫Ꮡⓗ࡟ࢻࢼ࣮⣽⬊ᩘࡣῶᑡࡋ
ࡓࡀࠊ⛣᳜ 4 㐌㛫ࡲࡓࡣ 8 㐌㛫ᚋ࡟Ḟᦆ୰ኸ㒊࡟ᙧᡂࡉࢀࡓ㦵ᵝ⤌⧊ෆ㒊ࡢ⣽⬊ࡣࣄࢺ
vimentin 㝧ᛶࢆ♧ࡋࡓࡇ࡜࠿ࡽࠊ⛣᳜ࡋࡓࢻࢼ࣮⣽⬊ࡣ㦵ᙧᡂ⣽⬊࡟ศ໬ࡋ࡚࠸ࡿྍ⬟ᛶ
ࡀ♧ࡉࢀࡓ (ᅗ 3A, B)ࠋ୍᪉࡛ࠊ᩿➃㒊㎶⦕࠿ࡽḞᦆ㒊ࢆそ࠺ࡼ࠺࡟ᙧᡂࡉࢀࡓ㦵ᵝ⤌⧊
ෆ㒊ࡣࣄࢺ vimentin㝜ᛶࡢ࣍ࢫࢺ⣽⬊࡟ࡼࡾᵓᡂࡉࢀ࡚࠸ࡓࠋ௨ୖࡢ⤖ᯝ࠿ࡽࠊ⛣᳜ࡉࢀ
ࡓࢻࢼ࣮⣽⬊࡜࣍ࢫࢺ⣽⬊ࡣ࡜ࡶ࡟㦵ᙧᡂㄏᑟ࡟ᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
➨ 2⠇ ᪂⏕㦵ᵝ⤌⧊ࡢ㦵㉁ࡢゎᯒ 
 
➨ 1㡯 ᴫ せ 
㦵Ḟᦆ㒊࡟ᙧᡂࡉࢀࡓ᪂⏕㦵ᵝ⤌⧊ࡢ㦵㉁ࡢゎᯒࡢࡓࡵࠊ㦵ᡂ⇍ᗘࡢホ౯ࢆ⾜࠸ࠊࡉࡽ
࡟ࠊỿ╔ࡋࡓ㦵ᇶ㉁ࡀࢻࢼ࣮⏤᮶࠿࣍ࢫࢺ⏤᮶࠿ࢆホ౯ࡋࡓࠋࡲࡓࠊ᪂⏕㦵ᵝ⤌⧊ෆࡢ⣽
⬊ࡀ㦵⣽⬊ࡲ࡛ศ໬ࡋࠊᶵ⬟ⓗ࡞㦵⤌⧊ࢆᵓ⠏ࡍࡿࡇ࡜ࡀ࡛ࡁ࡚࠸ࡿ࠿ホ౯ࡋࡓࠋ 
 
➨ 2㡯 ᮦᩱ࡜᪉ἲ 
1. AzanᰁⰍἲ 
➨ 2❶ ➨ 2⠇ ➨ 2㡯 3. ࡛グ㍕ࡋࡓ᪉ἲ࡟ᚑ࠸ࠊ⛣᳜ᚋ 1, 2, 4, 8 㐌┠ࡢ㢌⵹㦵ࡢࣃ
ࣛࣇ࢕ࣥໟᇙࢆ⾜࠸ࠊࡑࡢᚋࠊ๓㢌᩿᪉ྥ࡟ 8 μmࡢཌࡉ࡛ⷧษࡋࡓࠋ⬺ࣃࣛࣇ࢕ࣥᚋࠊ
10% ࢺࣜࢡࣟࣟ㓑㓟࣭㔜ࢡ࣒ࣟ㓟࢝ࣜ࢘ ࣒ΰྜᾮ (ࢼ࢝ࣛ࢖ࢸࢫࢡࠊி㒔) ࡛ 8ศ㛫๓
20 
 
ฎ⌮ࡋࡓᚋࠊ࢔ࢰ࣑࢝ࣥ G (ࢼ࢝ࣛ࢖ࢸࢫࢡ) ࡛ 30ศ㛫ᰁⰍࡋࡓࠋษ∦ࢆ࢔ࢽ࢚ࣜࣥࢱࣀ
࣮ࣝ࡜ 1% 㓑㓟࢚ࢱࣀ࣮࡛ࣝὙίࡋࡓᚋࠊ 5% ࣜࣥࢱࣥࢢࢫࢸࣥ㓟Ỉ⁐ᾮ (ࢼ࢝ࣛ࢖ࢸࢫ
ࢡ) ࡟ 3ศ㛫ᾐₕࡋࡓࠋࡉࡽ࡟ࠊษ∦ࢆ࢔ࢽࣜࣥ㟷࣭࢜ࣞࣥࢪ Gΰྜᾮ (ࢼ࢝ࣛ࢖ࢸࢫࢡ) 
࡛ 5ศ㛫ᾐₕࡋᰁⰍࡋࡓࠋ 
 
2. ⺯ගච␿ᰁⰍἲ 
1) ࣄࢺ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢච␿ᰁⰍἲ 
ࣄࢺCOLϨࠊࣄࢺOPNࠊࣄࢺOCNࡢⓎ⌧ࢆ☜ㄆࡍࡿࡓࡵ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓࠋ➨2❶
➨2⠇ ➨2㡯 3. ࡛グ㍕ࡋࡓ᪉ἲ࡟ᚑ࠸ࠊ⛣᳜ᚋ1, 2, 4, 8 㐌┠ࡢ㢌⵹㦵ࡢࣃࣛࣇ࢕ࣥໟᇙ
ࢆ⾜࠸ࠊࡑࡢᚋࠊ๓㢌᩿᪉ྥ࡟20 μmࡢཌࡉ࡛ⷧษࡋࡓࠋPBS࡛ὙίᚋࠊLAB solution 
(Polyscience, Warrington, PA, USA) ࢆ⏝࠸࡚ᐊ ࡛15ศ㛫ฎ⌮ࡋࠊᢠཎ㈿ά໬ࢆ⾜ࡗ
ࡓࠋษ∦ࢆPBS࡛Ὑίᚋࠊ5% BSA/0.1% Tween 20/PBS⁐ᾮࢆ⏝࠸࡚ᐊ ࡛1᫬㛫ࣈࣟࢵ
࢟ࣥࢢࡋࡓࠋࣄࢺOCNࡢᰁⰍ࡛ࡣࠊࣈࣟࢵ࢟ࣥࢢࡢ┤๓࡟Mouse on Mouse blocking 
reagent (Vector Laboratories, Burlingame, CA, USA) ࢆ⏝࠸࡚ᐊ ࡛1᫬㛫๓ฎ⌮ࢆ⾜
ࡗࡓࠋษ∦ࢆPBS࡛Ὑίᚋࠊ୍ḟᢠయࢆ4Υ୍࡛᫨ኪ཯ᛂࡉࡏࡓࠋ୍ḟᢠయ࡜ࡋ࡚ࠊᢠࣄ
ࢺCOLϨ ࣛࣅࢵࢺࣔࣀࢡ࣮ࣟࢼࣝᢠయ (EPR7785; 1:100; abcam)ࠊᢠࣄࢺOPN ࣖࢠ࣏
ࣜࢡ࣮ࣟࢼࣝᢠయ (1:100; R&D Systems)ࠊᢠࣄࢺOCN ࣐࢘ࢫࣔࣀࢡ࣮ࣟࢼࣝᢠయ 
(OCG3; 1:100; abcam) ࢆ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆPBS࡛Ὑίࡋࠊ஧ḟᢠయࢆᐊ
 ࡛5᫬㛫཯ᛂࡉࡏࡓࠋ஧ḟᢠయ࡜ࡋ࡚ࠊAlexa Fluor 488 ᢠࣛࣅࢵࢺIgGᢠయ (1:100; 
ThermoFisher)ࠊAlexa Fluor 594 ᢠ࣐࢘ࢫIgGᢠయ (1:100; ThermoFisher) ࡲࡓࡣ
Alexa Fluor 594 ᢠࣖࢠIgGᢠయ (1:100; ThermoFisher)ࢆ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ
∦ࢆPBS࡛ὙίࡋࠊVector® TrueVIEW Autofluorescence Quenching kit (Vector) ࢆ⏝
࠸࡚5ศ㛫ฎ⌮ࡍࡿࡇ࡜࡛⾑⌫⣔ࡢ⮬↛Ⓨගࢆ࣐ࢫ࢟ࣥࢢࡋࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆPBS
࡛Ὑίࡋࠊ⣽⬊᰾ࢆDAPI solution (1:200; ྠோ໬Ꮫ◊✲ᡤ) ࢆ⏝࠸࡚ᑐẚᰁⰍࡋࡓࠋ཯
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ᛂ⤊஢ᚋࠊษ∦ࢆPBS࡛ὙίࡋࠊỈ⣔ᑒධ๣ (Fluoromount-G, Thermo Fisher) ࢆ⏝࠸
࡚ᑒධࡋࡓࠋࢧࣥࣉࣝࡢ⺯ගࢩࢢࢼࣝࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾 (Olympus FV1000D 
laser scanning confocal microscope; ࢜ࣜࣥࣃࢫ) ࢆ⏝࠸࡚ほᐹࡋࡓࠋ 
 
2) 㦵⣽⬊ࡢච␿ᰁⰍἲ 
㦵⣽⬊ࡢ⣽⬊✺㉳ᵓ㐀ࢆ☜ㄆࡍࡿࡓࡵF-actinࡢᰁⰍࢆ⾜࠸ࠊࡉࡽ࡟ࡑࢀࡽࡀࢻࢼ࣮⣽⬊
⏤᮶࠿࣍ࢫࢺ⣽⬊⏤᮶࠿ࢆ☜ㄆࡍࡿࡓࡵࣄࢺvimentinࡢ2㔜ᰁⰍࢆ⾜ࡗࡓࠋ⛣᳜ᚋ1, 2, 4, 
8 㐌┠ࡢ㢌⵹㦵ࢆᅇ཰ࡋࠊ4 % ࣃ࣒ࣛ࣍ࣝ࢔ࣝࢹࣄࢻ⁐ᾮ࡛ᅛᐃࡋࡓᚋࠊ30㸣 ࢫࢡ࣮ࣟ
ࢫ⁐ᾮ࡛⨨᥮ࡋࡓࠋࢧࣥࣉࣝࢆOCT ࢥࣥࣃ࢘ࣥࢻ (Sakura Finetek USA) ࡟ໟᇙᚋࠊࢡ
ࣛ࢖࢜ࢫࢱࢵࢺࢆ⏝࠸࡚ཌࡉ20 μm࡛ⷧษࡋ෾⤖ษ∦ࢆస〇ࡋࡓࠋ㦵෾⤖ษ∦ࢆPBS࡛Ὑ
ίᚋࠊ1᫬㛫㢼஝ࡉࡏࡓࠋ PBS࡛Ὑίᚋࠊ5 % BSA/0.1% TWEEN 20/PBS ⁐ᾮࢆ⏝࠸࡚
ᐊ ࡛1᫬㛫ࣈࣟࢵ࢟ࣥࢢࡋࡓࠋPBS࡛Ὑίᚋࠊ୍ḟᢠయ࡜ࡋ࡚ࠊᢠࣄࢺvimentin ࣛࣅࢵ
ࢺࣔࣀࢡ࣮ࣟࢼࣝᢠయ (SP20; 1:100; abcam) ࢆ4Υ୍࡛᫨ኪ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ
∦ࢆPBS࡛Ὑίࡋࠊ஧ḟᢠయ࡜ࡋ࡚Alexa Fluor 488 ᢠࣛࣅࢵࢺIgGᢠయ (1:100; 
ThermoFisher) ࡜ࠊAlexa 594 phalloidin (1:50; ThermoFisher) ࢆᐊ ࡛5᫬㛫཯ᛂࡉࡏ
ࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆPBS࡛Ὑίࡋࠊ⣽⬊᰾ࢆDAPI solution (1:200; ྠோ໬Ꮫ◊✲ᡤ)
ࢆ⏝࠸࡚ᑐẚᰁⰍࡋࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆPBS ࡛ὙίࡋࠊỈ⣔ᑒධ๣ (Fluoromount-
G, Thermo Fisher) ࢆ⏝࠸࡚ᑒධࡋࡓࠋࢧࣥࣉࣝࡢ⺯ගࢩࢢࢼࣝࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾 
(Olympus FV1000D laser scanning confocal microscope; ࢜ࣜࣥࣃࢫ) ࢆ⏝࠸࡚ほᐹࡋ
ࡓࠋࡉࡽ࡟ࠊ㦵⣽⬊ࢿࢵࢺ࣮࣡ࢡᵓ㐀ࢆྍど໬ࡍࡿࡓࡵࠊZ㍈࡟0.5 μmࡢཌࡉ࡛40ࢫࣛ࢖
ࢫࡢ᩿ᒙ᧜ᙳࢆ⾜࠸ࠊFV10-ASW image software 04.02.03.06 (Olympus) ࢆ⏝࠸࡚3D⏬
ീᵓ⠏ࢆ⾜ࡗࡓࠋ 
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➨ 3㡯 ⤖ ᯝ 
⛣᳜ 1 㐌㛫࠾ࡼࡧ 2 㐌㛫ᚋ࡛ࡣࠊḞᦆ㒊࡟࢔ࢽࣜࣥࣈ࣮ࣝ࡟㟷ࡃᰁⰍࡉࢀࡿᗂᙅ࡞ᇶ㉁
ࢆㄆࡵࠊࣄࢺ COLϨࡢᰁⰍീ࡜୍⮴ࡍࡿࡇ࡜࠿ࡽࠊ⛣᳜ࡋࡓ C-MSCs⏤᮶ࡢᇶ㉁࡛࠶ࡿࡇ
࡜ࡀ♧ࡉࢀࡓࠋ୍᪉࡛ࠊࡇࡢẁ㝵࡛ࡣ C-MSCsᵓ㐀ෆ㒊࡟ࣄࢺ OPNࠊࣄࢺ OCNࡢⓎ⌧ࡣ
☜ㄆࡉࢀ࡞࠿ࡗࡓ (ᅗ 4A)ࠋὀ┠ࡍ࡭ࡁࡇ࡜࡟ࠊ⛣᳜ 4㐌㛫ᚋ࡛ࡣࠊ୰ኸ㒊࡟ᙧᡂࡉࢀࡓ㦵
ᵝ⤌⧊ෆ㒊࡟࢔ࢰ࣑࢝ࣝࣥ Gࠊ࢜ࣞࣥࢪ G ࡟㉥ࡃᰁⰍࡉࢀࡿᐦ࡞ᇶ㉁ᵓ㐀ࢆㄆࡵࡿࡼ࠺࡟
࡞ࡾࠊ⛣᳜ 8㐌ᚋ࡟ࡣࡑࡢ⠊ᅖࡢᣑ኱ࡀほᐹࡉࢀࡓ (ᅗ 4A)୍ࠋ ᪉࡛୰ኸ㒊ࡢ㦵ᵝ⤌⧊ࢆそ
࠺ࡼ࠺࡟᩿➃㒊㎶⦕࠿ࡽᙧᡂࡉࢀࡓ㦵ᵝ⤌⧊ෆ㒊ࡣࠊḞᦆ㒊࿘ᅖ࡜ྠ⛬ᗘࡢᐦ࡞ᇶ㉁࡟ࡼ
ࡾᵓᡂࡉࢀ࡚࠸ࡓ (ᅗ 4A)ࠋࡲࡓࠊ⛣᳜ 4 㐌㛫ᚋ࠾ࡼࡧ 8 㐌㛫ᚋ࡟୰ኸ㒊࡟ᙧᡂࡉࢀࡓ㦵
ᵝ⤌⧊ෆ㒊࡟ࡣࠊࣄࢺ COLϨࠊࣄࢺ OCNࠊࣄࢺ OPNࡢỿ╔ࡀ☜ㄆࡉࢀࡓࡇ࡜࠿ࡽࠊࢻࢼ
࣮⣽⬊ࡀศἪࡋࡓ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡀ㦵෌⏕࡟ᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ (ᅗ 4A)ࠋ௨
ୖࡢ⤖ᯝ࠿ࡽࠊ⛣᳜ᚋ 2 㐌㛫࠿ࡽ 4 㐌㛫ࡲ࡛ࡢ㛫࡟ࢻࢼ࣮⣽⬊ࡢ㦵ศ໬࡜ࠊ࣍ࢫࢺ⣽⬊࡟
ࡼࡿ㦵ᙧᡂㄏᑟࡀ㐍⾜ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࡓࡵࠊࡇࡢ 2 ࡘࡢᅇ཰࣏࢖ࣥࢺ࡛⣽⬊ࡢ
ᙧែᏛⓗゎᯒࢆ⾜࠸ࠊ㦵ᵝ⤌⧊ෆ㒊ࡢ⣽⬊ࡀ㦵⣽⬊ࡲ࡛ศ໬ࡋࠊ┿࡟㦵⤌⧊࡜ࡋ࡚ᶵ⬟࡛ࡁ
࡚࠸ࡿࡢ࠿☜ㄆࡍࡿࡇ࡜࡜ࡋࡓࠋ⛣᳜ 2㐌㛫ᚋ࡛ࡣࠊࣄࢺ vimentin㝧ᛶ࡛♧ࡉࢀࡿC-MSCs
ෆ㒊ࡢ⣽⬊ࡣ⣳㗽≧ᙧែࢆ࡜ࡗ࡚࠾ࡾࠊ㦵⣽⬊ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ (ᅗ 4B-(b))ࠋ୍᪉࡛ࠊ
C-MSCsᵓ㐀ࡢእ࿘ࡣࢫࢺࣞࢫࣇ࢓࢖ࣂ࣮ᙧែࡢ F-actinࢆࡶࡘࣄࢺ vimentin㝧ᛶ⣽⬊࡛
そࢃࢀ࡚࠸ࡓࠋࡇࡢࡇ࡜࠿ࡽࠊ⛣᳜ 2㐌㛫ᚋ࡟ࡣ C-MSCsᵓ㐀ࡢෆ㒊ࡣᙉᅛ࡞ᇶ㉁࡛ᵓᡂ
ࡉࢀࡿࡼ࠺࡟࡞ࡗ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋࡉࡽ࡟ࡑࡢ⾲㠃࡟ࡣ❧᪉≧ᙧែ࡛♧ࡉࢀࡿ
ࣄࢺ vimentin 㝜ᛶࡢ࣍ࢫࢺ㦵ⱆ⣽⬊ᵝ⣽⬊ࢆ☜ㄆࡋࡓ (ᅗ 4B-(a))ࠋ⛣᳜ 4 㐌㛫ᚋ࡛ࡣࠊ
Ḟᦆ㒊࡟ᙧᡂࡉࢀࡓ㦵ᵝ⤌⧊ෆ㒊࡟ࠊ࿘ᅖ࡟⣽⬊✺㉳ࢆఙࡤࡋࢿࢵࢺ࣮࣡ࢡᙧᡂࢆࡍࡿ㦵
⣽⬊ࡀほᐹࡉࢀࡓࠋὀ┠ࡍ࡭ࡁࡇ࡜࡟ࠊḞᦆ㎶⦕࠿ࡽᙧᡂࡉࢀࡓ㦵⤌⧊ෆ㒊ࡣࣄࢺ vimentin
㝜ᛶࡢ࣍ࢫࢺ㦵⣽⬊࠿ࡽ(ᅗ 4B-(c))ࠊࡑࡋ࡚ࠊḞᦆ୰ኸ㒊࡟ᙧᡂࡉࢀࡓ㦵⤌⧊ෆ㒊࡟ࡣࠊC-
MSCs⏤᮶࡜ᛮࢃࢀࡿࣄࢺ vimentin㝧ᛶࡢࢻࢼ࣮㦵⣽⬊࡟ࡼࡗ࡚ᵓᡂࡉࢀ࡚࠸ࡓ (ᅗ 4B-
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(d))ࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊC-MSCsࡣ⛣᳜ඛ࡛⮬ࡽ㦵ศ໬ࢆ㉳ࡇࡍ࡜࡜ࡶ࡟ࠊ࣍ࢫࢺࡢ㦵ᙧ
ᡂㄏᑟࢆ௓ࡋ࡚㦵⤌⧊෌⏕ࢆಁ㐍ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
➨ 3⠇ ⬺⣽⬊ฎ⌮ࢆ⾜ࡗࡓ C-MSCsࡢ㦵⤌⧊෌⏕⬟ࡢ᳨ウ 
 
➨ 1㡯 ᴫ せ 
C-MSCsࡣ⣽⬊࡜⣽⬊ࡢ㊊ሙ࡜࡞ࡿ㇏ᐩ࡞ ECM࠿ࡽᵓᡂࡉࢀࡿ⛣᳜య࡛࠶ࡿࡓࡵࠊࢻ
ࢼ࣮⣽⬊ᡂศࡀ࡞ࡃ࡜ࡶ࣍ࢫࢺ⣽⬊ࡀ C-MSCsࡢ ECMࢆ㊊ሙ࡜ࡋ࡚฼⏝ࡍࡿࡇ࡜࡛㦵෌
⏕ࢆㄏᑟ࡛ࡁࡿྍ⬟ᛶࡀ࠶ࡿࠋࡇࡢ௬ㄝࢆ᳨ドࡍࡿࡓࡵࠊ⬺⣽⬊ฎ⌮ࢆ⾜ࡗࡓ C-MSCsࢆ
㦵Ḟᦆ࡟⛣᳜ࡋ㦵෌⏕ຠᯝࢆホ౯ࡍࡿࡇ࡜࡜ࡋࡓࠋ 
 
➨ 2㡯 ᮦᩱ࡜᪉ἲ 
1. C-MSCsࡢ⬺⣽⬊ฎ⌮ἲ 
 C-MSCsࢆ㸫80Υ࡛෾⤖ࡋࡓᚋࠊᐊ ࡛ゎ෾ࡍࡿ᧯సࢆ 4ᅇ⧞ࡾ㏉ࡋࡓࠋࡑࡋ࡚ࠊ25 mM 
NH4OHỈ࡛ 1᫬㛫ฎ⌮ࡋࠊMilliQỈ࡛Ὑίࡍࡿࡇ࡜࡛⬺⣽⬊ฎ⌮ࢆ⾜ࡗࡓ [37]ࠋ௨ୗࠊ
⬺⣽⬊ฎ⌮ࢆ⾜ࡗࡓ C-MSCsࢆ Decell-C-MSCs࡜⾲グࡍࡿࠋ 
 
2. Decell-C-MSCsࡢᛶ㉁ホ౯ 
1) HEᰁⰍ 
 ➨ 2❶ ➨ 1⠇ ➨ 2㡯 4. 1) ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
 
2) ⺯ගච␿ᰁⰍ 
 ➨ 2❶ ➨ 1⠇ ➨ 2㡯 4. 2) ࡟グ㍕ࡋࡓ᪉ἲ࡛ࣄࢺϨᆺࢥ࣮ࣛࢤࣥࡢᰁⰍࢆ⾜ࡗࡓࠋ 
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3) ኚᛶࢥ࣮ࣛࢤࣥᰁⰍ 
 ➨ 2❶ ➨ 1⠇ ➨ 2㡯 4. 2) ࡟グ㍕ࡋࡓ᪉ἲ࡛ࠊDecell-C-MSCsࡢ෾⤖ษ∦ࢆస〇ࡋ
ࡓࠋ෾⤖ษ∦ࢆ 1᫬㛫㢼஝ࡉࡏࠊPBS࡛Ὑίᚋࠊ5-FAM-conjugated Collagen 
Hybridizing Peptide (F-CHP) (3Helix, Inc., Salt Lake City, UT, USA) /PBS⁐ᾮࢆ 15 
μMࡢ⃰ᗘ࡛ 4Υࠊ୍᫨ኪ཯ᛂࡉࡏࡓࠋ཯ᛂ⤊஢ᚋࠊษ∦ࢆ PBS࡛ὙίࡋࠊỈ⣔ᑒධ๣ 
(Fluoromount-G; Thermo Fisher) ࢆ⏝࠸࡚ᑒධࡋࡓࠋࢧࣥࣉࣝࡢ⺯ගࢩࢢࢼࣝࢆඹ↔Ⅼ
࣮ࣞࢨ࣮㢧ᚤ㙾 (Olympus FV1000D laser scanning confocal microscope; ࢜ࣜࣥࣃࢫ) 
ࢆ⏝࠸࡚ほᐹࡋࡓࠋࡲࡓࠊ95Υࡢ⇕‮࡛ 30ศ㛫⇕ฎ⌮ࡋࡓ C-MSCsࢆኚᛶࢥ࣮ࣛࢤࣥࡢ
㝧ᛶࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚タᐃࡋࠊྠᵝ࡟ᰁⰍࢆ⾜ࡗࡓࠋ 
 
3. SCID࣐࢘ࢫ㢌⵹ෙ 1.6mm㦵Ḟᦆࣔࢹࣝ࡬ࡢ Decell-C-MSCs⛣᳜ 
➨ 2❶ ➨ 2⠇ ➨ 2㡯 1. ࡟グ㍕ࡋࡓ᪉ἲ࡛ࠊDecell-C-MSCsࡢ⛣᳜ࢆ⾜ࡗࡓࠋ 
 
4. micro CT ゎᯒἲ  
➨ 2❶ ➨ 2⠇ ➨ 2㡯 2. ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
 
5. ⤌⧊Ꮫⓗほᐹ 
1) HEᰁⰍ 
 ➨ 2❶ ➨ 2⠇ ➨ 2㡯 3. ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
2) AzanᰁⰍ 
➨ 3❶ ➨ 2⠇ ➨ 2㡯 1. ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
3)⺯ගච␿ᰁⰍ 
➨ 3❶ ➨ 1⠇ ➨ 2㡯 1. ࡟グ㍕ࡋࡓ᪉ἲ࡛ࣄࢺ vimentin ࡢᰁⰍࢆ⾜࠸ࠊ➨ 3❶ ➨ 2
⠇ ➨ 2㡯 2. 1) ࡟グ㍕ࡋࡓ᪉ἲ࡛ࣄࢺ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢᰁⰍࢆ⾜ࡗࡓࠋ 
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6. ⤫ィゎᯒ 
  ➨ 2❶ ➨ 2⠇ ➨ 2㡯 4. ࡟グ㍕ࡋࡓ᪉ἲ࡛⾜ࡗࡓࠋ 
 
➨ 3㡯 ⤖ ᯝ 
  ⬺⣽⬊ฎ⌮ࡢຠᯝࢆ⤌⧊Ꮫⓗ࡟ほᐹࡍࡿࡓࡵ࡟HEᰁⰍࢆ⾜ࡗࡓ࡜ࡇࢁࠊC-MSCs࡜ẚ
㍑ࡋࠊDecell-C-MSCs࡛ࡣ᰾ࡢᾘኻ࡜ࠊ⣽⬊㉁ࡀ㝖ཤࡉࢀࡿࡇ࡜࡟ࡼࡿ࢚࢜ࢪࣥᰁⰍᛶࡢ
పୗࡀ☜ㄆࡉࢀࡓ (ᅗ 5A)ࠋ୍᪉࡛ࠊCOLϨ࡟ᑐࡍࡿච␿ᰁⰍࢆ⾜ࡗࡓ࡜ࡇࢁࠊC-MSCs
࡜ Decell-C-MSCsࡢ㛫࡛ࡑࡢⓎ⌧࡟᫂ࡽ࠿࡞ኚ໬ࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊF-CHP
ࢆ⏝࠸࡚ኚᛶࢥ࣮ࣛࢤࣥࡢᰁⰍࢆ⾜ࡗࡓ࡜ࡇࢁࠊ㝧ᛶࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚タᐃࡋࡓ⇕ฎ⌮
ᚋࡢ C-MSCs࡛ࡣ᫂ࡽ࠿࡞ࢥ࣮ࣛࢤࣥኚᛶࡀ☜ㄆࡉࢀࡓࡢ࡟ᑐࡋࠊC-MSCs࡜ Decell-C-
MSCs࡛ࡣ࡜ࡶ࡟ࢥ࣮ࣛࢤࣥኚᛶࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓ (ᅗ 5A)ࠋ௨ୖࡢࡇ࡜࠿ࡽࠊDecell-
C-MSCs࡛ࡣࢥ࣮ࣛࢤࣥᇶ㉁ࢆኚᛶࡉࡏࡿࡇ࡜࡞ࡃࠊ⣽⬊ᡂศࡢࡳࢆ㝖ཤ࡛ࡁ࡚࠸ࡿࡇ࡜
ࡀ♧ࡉࢀࡓࠋḟ࡟ࠊDecell-C-MSCsࢆ SCID࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆ࡟⛣᳜ࡋࡓ (ᅗ 5B)ࠋ
micro CT᧜ᙳࢆ⾜ࡗࡓ࡜ࡇࢁࠊ⛣᳜ᚋ 8㐌ࡲ࡛⤒㐣ࡋ࡚ࡶḞᦆ㒊࡟▼⅊໬≀ࡢᙧᡂࡣ࡯
࡜ࢇ࡝ㄆࡵࡽࢀ࡞࠿ࡗࡓ (ᅗ 5C, D)ࠋ⤌⧊Ꮫⓗホ౯ࢆ⾜ࡗࡓ࡜ࡇࢁࠊ⛣᳜ 1㐌㛫ᚋ࡛ࡣḞ
ᦆ㒊࡟ Decell-C-MSCs⏤᮶࡜ᛮࢃࢀࡿࣄࢺ COLϨ㝧ᛶࡢᇶ㉁ᵓ㐀ࢆ☜ㄆࡋࡓࠋࡋ࠿ࡋࠊ
ࡑࡢᚋ࡟㦵⤌⧊ᙧᡂࡀㄏᑟࡉࢀࡿࡇ࡜ࡣ࡞ࡃࠊᇶ㉁ࡣ᫬㛫⤒㐣౫Ꮡⓗ࡟௦ㅰࡉࢀ࡚࠸ࡗࡓ 
(ᅗ 5E)ࠋὀ┠ࡍ࡭ࡁࡇ࡜࡟ࠊ⛣᳜ 1㐌㛫ᚋ࡟࠾࠸࡚ࠊࣄࢺ vimentin㝜ᛶࡢ࣍ࢫࢺ⣽⬊ࡀ
Decell-C-MSCs⏤᮶ᇶ㉁ࡢ୰࡟ධࡾ㎸ࢇ࡛࠸ࡿീࡀ☜ㄆࡉࢀࡓࡀࠊࡑࡢᚋ࡟㦵⤌⧊ᙧᡂࡀ
㛤ጞࡉࢀࡿࡇ࡜ࡣ࡞ࡃࠊ⛣᳜ 8㐌㛫ᚋ࡛ࡣࠊḞᦆ㒊࡟␯࡞⤖ྜ⤌⧊ࢆㄆࡵࡿࡢࡳ࡛࠶ࡗࡓ 
(ᅗ 5E)ࠋ௨ୖࡢ⤖ᯝ࠿ࡽࠊ࣍ࢫࢺ⣽⬊ࡣ C-MSCsࡢᇶ㉁ࡢࡳࢆ㊊ሙ࡟ࡋ࡚ࠊ㦵ᙧᡂࢆㄏ
ᑟࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡾࠊC-MSCsࡀࢻࢼ࣮⣽⬊࡜ࡑࡢ㊊ሙ࡜࡞ࡿ㇏ᐩ࡞ᇶ㉁࠿ࡽᵓᡂࡉ
ࢀࡿ⛣᳜య࡛࠶ࡿࡇ࡜ࡢ㔜せᛶࡀ♧၀ࡉࢀࡓࠋ 
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➨ 4⠇ ᑠ ᣓ 
 C-MSCsࢆ㦵Ḟᦆ㒊࡟⛣᳜ࡍࡿ࡜ࠊḞᦆ୰ኸ㒊࡛ࡣ C-MSCs⮬㌟ࡢ㦵ศ໬ࡀࠊḞᦆ㎶⦕
㒊࠿ࡽࡣ࣍ࢫࢺࡢ㦵⤌⧊ᙧᡂࡀㄏᑟࡉࢀࠊࡉࡽ࡟⤒㐣ࡍࡿ࡜ࡇࢀࡽࡀ㐃ືࡋ࡚㦵⤌⧊ࡢ෌
⏕࡟ᐤ୚ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡲࡓࠊC-MSCs⛣᳜࡟ࡼࡿ㦵⤌⧊෌⏕ຠᯝࡣࠊC-MSCsࢆ
ᵓᡂࡍࡿᇶ㉁ࡢࡳ࡛ࡣⓎ᥹ࡍࡿࡇ࡜ࡣ࡛ࡁࡎࠊC-MSCsࡀࢻࢼ࣮⣽⬊࡜ࡑࡢ㊊ሙ࡜࡞ࡿ㇏
ᐩ࡞ᇶ㉁࠿ࡽᵓᡂࡉࢀࡿ⛣᳜య࡛࠶ࡿࡇ࡜ࡢ㔜せᛶࡀ♧၀ࡉࢀࡓࠋ 
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➨ 4❶ ⪃ ᐹ 
 
  ᮏ◊✲࡛ࡣࠊXeno-free᮲௳ୗ࡟స〇ࡋࡓࣄࢺ C-MSCsࡢ⛣᳜ࡀ SCID࣐࢘ࢫ㢌⵹ෙ
㦵Ḟᦆࢆຠᯝⓗ࡟෌⏕ࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡑࡋ࡚ࠊḞᦆ㒊࡟ᙧᡂࡉࢀࡓ᪂⏕㦵ࡢ୍
㒊࡟ࡣࢻࢼ࣮⣽⬊⏤᮶ࡢࣄࢺ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢỿ╔ࢆㄆࡵࠊࡑࡢෆ㒊ࡣࢻࢼ࣮㦵⣽⬊
࡟ࡼࡾᵓᡂࡉࢀ࡚࠸ࡓࠋ୍᪉࡛ࠊ㎶⦕࠿ࡽᙧᡂࡉࢀࡓࠊࡼࡾᡂ⇍ᗘࡢ㧗࠸㦵⤌⧊ࡢෆ㒊ࡣ
࣍ࢫࢺ㦵⣽⬊ࡢࡳ࠿ࡽᵓᡂࡉࢀ࡚࠸ࡓࠋࡇࡢࡇ࡜࠿ࡽࠊC-MSCs⛣᳜࡟ࡼࡿ㦵෌⏕࡟ࡣࢻ
ࢼ࣮⣽⬊ࡢ㦵ศ໬࡜ࠊ࣍ࢫࢺ⣽⬊࡟ࡼࡿ㦵ᙧᡂㄏᑟࡢ୧᪉ࡀᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀ
ࡓࠋ⌧ᅾࡲ࡛ࡢ࡜ࡇࢁࠊ⛣᳜ࡋࡓMSCsࡢ㦵⤌⧊෌⏕ᶵᗎ࡟ࡘ࠸࡚ࡣᮍࡔ㆟ㄽࡢᑐ㇟࡛࠶
ࡾࠊ⛣᳜యẖ࡟ぢゎࡣ⤫୍ࡉࢀ࡚࠸࡞࠸ [38]ࠋ౛࠼ࡤࠊLineroࡽࡣࠊ⬡⫫⏤᮶MSCs࡜
ࡑࡢᇵ㣴ୖΎࢆࣁ࢖ࢻࣟࢤࣝ࡜࡜ࡶ࡟ࣛࣅࢵࢺ㢡㦵㦵Ḟᦆ࡟⛣᳜ࡍࡿࡇ࡜࡛㦵⤌⧊ࢆ෌⏕
ࡉࡏࡓࡀࠊࡑࡢ㝿࡟⛣᳜ࡉࢀࡓࢻࢼ࣮⣽⬊⮬㌟ࡣ᏶඲࡟ᾘኻࡋ࡚࠸࡚࠸ࡿࡇ࡜ࢆሗ࿌ࡋ࡚
࠸ࡿ[39]ࠋࡇࡢࡇ࡜ࡣMSCsࡢࣃࣛࢡࣛ࢖ࣥຠᯝ࡟ࡼࡗ࡚ࠊ㦵⤌⧊෌⏕ࡀㄏᑟࡉࢀࡓࡇ࡜
ࢆ♧ࡋ࡚࠸ࡿࠋ୍᪉࡛ࠊLiࡽࡣ㦵㧊⏤᮶MSCsࢆ㦵ᙧᡂ୙඲⑕࣐࢘ࢫࣔࢹࣝࡢ኱⭣㦵࡟ὀ
ධࡍࡿࡇ࡜࡛ࢻࢼ࣮⣽⬊ࡢ㦵ศ໬ࡀ㉳ࡇࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿࠋࡲࡓྠ᫬࡟ࠊ⛣᳜ࡋࡓࢻ
ࢼ࣮⣽⬊ࡀࣃࣛࢡࣛ࢖ࣥຠᯝࢆⓎ᥹ࡋ࡚࠸ࡿྍ⬟ᛶ࡟ࡘ࠸࡚ࡶ᥎ᐹࡋ࡚࠸ࡿ [40]ࠋ᭱㏆ࡢ
◊✲࡛ࡣࠊ㦵ศ໬ㄏᑟࢆ᪋ࡋࡓMSCsࢆ᧛✀ࡋࡓࢥ࣮ࣛࢤ࣓ࣥࣥࣈࣞࣥࡢ⛣᳜ࡀ SCID࣐
࢘ࢫ㢌⵹ෙ㦵Ḟᦆࢆ෌⏕ࡋࠊࡑࡢ㦵⤌⧊෌⏕ᶵᗎࡀࢻࢼ࣮⣽⬊⮬㌟ࡢ㦵ศ໬࡜࣍ࢫࢺ⣽⬊
ࡢ㦵ᙧᡂㄏᑟಁ㐍ࡢ୧᪉࡟ࡼࡿࡶࡢ࡛࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ [41]ࠋࡇࡢሗ࿌࡜୍⮴ࡋ
࡚ࠊXeno-free᮲௳ୗ࡟㦵ศ໬ㄏᑟࢆ᪋ࡋࡓ C-MSCsࡣࠊࢻࢼ࣮⣽⬊⮬㌟ࡢ㦵ศ໬࡜࣍ࢫࢺ
⣽⬊ࡢ㦵ᙧᡂㄏᑟಁ㐍ࡢ୧᪉ࡢ㦵෌⏕ᶵᗎ࡟ࡼࡗ࡚㦵෌⏕ࢆㄏᑟࡋࡓࠋ⛣᳜యẖࡢ⣽⬊
⭘ࠊ⣽⬊ࡢศ໬⛬ᗘࠊ⛣᳜᪉ἲ࡞࡝ࡢᵝࠎ࡞せ⣲ࡀ⛣᳜ඛ࡛ࡢMSCsࡢᣲືࢆゎᯒࡍࡿࡇ
࡜ࢆጉࡆ࡚࠸ࡿࡢ࠿ࡶࡋࢀ࡞࠸ࠋ 
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 Decell-C-MSCsࡢ⛣᳜ࡣḞᦆ㒊࡟⣽⬊ࡢ㊊ሙ࡜࡞ࡿ㇏ᐩ࡞Ϩᆺࢥ࣮ࣛࢤࣥᇶ㉁ࢆ౪⤥ࡋ
ࡓࡀࠊ࣍ࢫࢺ⣽⬊ࡣࡑࡢᇶ㉁ࢆ㊊ሙ࡟㦵ᇶ㉁ࢆᙧᡂࡍࡿࡇ࡜ࡣ࡞࠿ࡗࡓ (ᅗ 5)ࠋࡇࡢࡇ࡜
ࡣࠊC-MSCs⛣᳜࡟ࡼࡿ࣍ࢫࢺࡢ㦵⤌⧊ᙧᡂㄏᑟ࡟ࡣࠊ⛣᳜ࡋࡓࢻࢼ࣮⣽⬊࠿ࡽࡢࣃࣛࢡ
ࣛ࢖ࣥᅉᏊࡀᚲせ࡛࠶ࡗࡓྍ⬟ᛶࢆ♧၀ࡍࡿࠋᐇ㝿ࠊbone morphogenetic protein (BMP) - 2
ࢆⓎ⌧ࡋࡓMSCsࡢ⛣᳜ࡀ࣐࢘ࢫ㦵ᢡࣔࢹࣝ࡟㦵⤌⧊෌⏕ࢆㄏᑟࡋࡓሗ࿌ࡀ࠶ࡿ [34, 
42]ࠋࡉࡽ࡟ࠊZhouࡽࡣ㦵ศ໬ㄏᑟᇵᆅ࡛ᇵ㣴ࡋࡓࣄࢺMSCsࢆ࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆࣔࢹ
ࣝ࡟⛣᳜ࡍࡿ࡜ࠊMSCsࡀ vascular endothelial growth factor (VEGF) -AࢆศἪࡍࡿࡇ࡜࡟ࡼ
ࡗ࡚ࠊ࣍ࢫࢺ⣽⬊ࡢ㦵ศ໬ࢆಁࡋࠊࡑࡢ⤖ᯝࠊ㦵෌⏕ࢆㄏᑟࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 
[43]ࠋC-MSCs⛣᳜࡟ࡼࡿ࣍ࢫࢺࡢ㦵ᙧᡂㄏᑟ࡟ࡣࠊࡇࢀࡽ BMPࡸ VEGF-A࡞࡝ࡢ㦵ᙧ
ᡂ/⾑⟶ㄏᑟᛶࡢࣃࣛࢡࣛ࢖ࣥᅉᏊࡀᐤ୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋ 
 ୍᪉࡛ࠊC-MSCs࡟ࡼࡿ㦵⤌⧊෌⏕࡟࠾࠸࡚ࠊ࣍ࢫࢺ࣐࢘ࢫ⣽⬊ࡀࢻࢼ࣮ࣄࢺ⣽⬊ࡢ㦵
ศ໬ࢆㄏᑟࡋ࡚࠸ࡿྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿࠋC-MSCs⛣᳜ࡢ 2㐌㛫ᚋ࡟࠾࠸࡚ࠊ⛣᳜ࡋࡓ C-
MSCsࡢ⾲㠃࡟❧᪉≧ࡢᙧែࢆ♧ࡍ࣍ࢫࢺ㦵ⱆ⣽⬊ᵝ⣽⬊ࡀ☜ㄆࡉࢀࠊࡑࡢᚋࠊ⛣᳜ 4㐌
㛫ᚋ࡟࠾࠸࡚ࢻࢼ࣮⏤᮶㦵ᇶ㉁⺮ⓑࡢỿ╔࡜ࢻࢼ࣮⣽⬊ࡢ㦵⣽⬊࡬ࡢศ໬ࡀ㉳ࡇࡗࡓ (ᅗ
4)ࠋ㦵ⱆ⣽⬊ࡀ㦵ᙧᡂࡢࡓࡵ࡟ᵝࠎ࡞㦵ᙧᡂᅉᏊࢆศἪࡋࠊ▼⅊໬ᇶ㉁ࢆෆ㒊࡟⵳࠼ࡿࡇ
࡜ࡣ௨๓࠿ࡽ▱ࡽࢀ࡚࠾ࡾ [44]ࠊC-MSCs⛣᳜࡟ࡼࡿ㦵⤌⧊ᙧᡂ㐣⛬࡛ࡶ࣍ࢫࢺ㦵ⱆ⣽⬊
ࡀ⛣᳜ࡉࢀࡓࢻࢼ࣮⣽⬊ࡢ㦵ศ໬ࢆಁ㐍ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋࡘࡲࡾࠊC-MSCs࡟ࡼࡿ㦵⤌
⧊෌⏕ࡣ⛣᳜ࡋࡓࢻࢼ࣮⣽⬊࡜࣍ࢫࢺ⣽⬊ࡀ㐃ືࡋ࡚ാࡃࡇ࡜࡛㐩ᡂࡉࢀࡿ࡜⪃࠼ࡽࢀ
ࡿࠋ௒ᚋࠊࢻࢼ࣮⣽⬊ࡶࡋࡃࡣ࣍ࢫࢺ⣽⬊࠿ࡽࡢࣃࣛࢡࣛ࢖ࣥᅉᏊࡢ᥈⣴࡟ࡘ࠸࡚ࠊࡉࡽ
࡞ࡿ◊✲ࡀᚲせ࡛࠶ࡿࠋ 
 ࡇࢀࡲ࡛࡟MSCsࢆ⏝࠸ࡓ㦵⤌⧊෌⏕἞⒪࡟ࡘ࠸࡚ከࡃࡢ◊✲ࡀ࡞ࡉࢀ࡚࠸ࡿࡀࠊࡑࢀ
ࡽࡢ࡯࡜ࢇ࡝ࡣேᕤ㊊ሙᮦᩱࢆ฼⏝ࡋࡓࡶࡢ࡛࠶ࡿࠋ⛣᳜ࡋࡓ⣽⬊ࡢ㦵෌⏕⬟ࢆྥୖࡉࡏ
ࡿ⏕య㐺ྜᛶேᕤᮦᩱࡢᢏ⾡ࡣ☜❧ࡋࡘࡘ࠶ࡿ [45, 46] ࡀࠊ㦵෌⏕ࢆㄏᑟࡍࡿ࡟ࡣࠊࡇ࠺
ࡋࡓேᕤᮦᩱࡣ෌⏕㐣⛬࡟࠾࠸࡚⛣᳜ඛࡢ⣽⬊࡟௦ㅰࡉࢀࡿᚲせࡀ࠶ࡿࠋࡇࡢ௦ㅰ㐣⛬ࡣ
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⣽⬊࡟㈇ᢸࢆ࠿ࡅࠊ㦵෌⏕ࢆ㐜ᘏࡉࡏࡿྍ⬟ᛶࡀ࠶ࡿࠋ୍᪉࡛ C-MSCs࡛ࡣࠊேᕤᮦᩱࢆ
⏝࠸ࡿࡇ࡜࡞ࡃࠊ⣽⬊ࡢ㊊ሙ࡜ࡋ࡚⣽⬊⮬㌟ࡀ⏘⏕ࡋࡓ COLϨࢆ฼⏝ࡋ࡚࠸ࡿࠋCOLϨ
ࡣ㦵෌⏕࡟ᚲ㡲ࡢᇶ㉁⺮ⓑ࡛࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࠾ࡾ [47]ࠊேᕤ㊊ሙᮦᩱࡢࡼ࠺࡟௦ㅰࡉࢀ
ࡿᚲせࡀ࡞࠸ࡇ࡜࠿ࡽࠊ⣽⬊ࡣ┤᥋㦵ᙧᡂ࡟ᐤ୚ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋᐇ㝿࡟ࠊ⛣᳜ࡋࡓ C-
MSCs࡟ࡣ㦵ᇶ㉁⺮ⓑࡢỿ╔࡜ࢻࢼ࣮⣽⬊ࡢ㦵⣽⬊ศ໬ࡀ㉳ࡇࡾࠊ⭷ᛶ㦵໬ᵝࡢ㦵ᙧᡂࢆ
ㄏᑟࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋேᕤ㊊ሙᮦᩱࢆ฼⏝ࡋࡓ⛣᳜࡛ࡣࠊࡇ࠺ࡋࡓ㦵ᙧᡂ㐣⛬ࡣ⏕ࡌ࡞
࠸࠿ࡶࡋࢀ࡞࠸ࠋ 
 ᮍࡔ C-MSCs⛣᳜ࢆᅄ⫥㦵ᢡ➼ࡢ኱つᶍ㦵Ḟᦆ࡬ᛂ⏝ࡋࡓ౛ࡣ࡞࠸ࠋ⚾ࡓࡕࡣ௨๓࡟ࠊ
48ಶࡢ C-MSCsࢆࣅ࣮ࢢࣝ≟᰿ศᒱ㒊Ϫ⣭Ḟᦆࣔࢹࣝ࡟⛣᳜ࡋࠊṑ࿘⤌⧊ࢆຠᯝⓗ࡟෌
⏕ࡉࡏࡓ [31] ࡀࠊ⬯㦵ࡢ᏶඲㦵ᢡ࡟ࡣࡉࡽ࡟ከࡃ (200ಶ㹼300ಶ) ࡢ C-MSCsࡀᚲせ
࡟࡞ࡿ࡜ᛮࢃࢀࡿࠋ኱つᶍḞᦆ࡟࠾࠸࡚ࠊ⛣᳜ࡉࢀࡓ C-MSCsࡀಖᣢࡉࢀࠊ㦵ᙧᡂ⬟ࢆⓎ
᥹࡛ࡁࡿ࠿ࡣࡲࡔ୙࡛᫂࠶ࡿࠋ௒ᚋࠊከ㔞ࡢ C-MSCsࢆḞᦆ㒊࡟ಖᣢࡉࡏࡿ࡟ࡣࠊC-
MSCsࡢ㦵ᙧᡂ⬟ࢆᢚไࡋ࡞࠸ேᕤᮦᩱ࡜ࡢే⏝ࡣᚲせ࡜࡞ࡿ࠿ࡶࡋࢀ࡞࠸ࠋ  
 ௨๓࠿ࡽࠊ⣽⬊⛣᳜἞⒪ἲ࡟࠾࠸࡚ FBSࡣMSCsࡢᛶ㉁ࢆ⥔ᣢࡋࠊᣑ኱ᇵ㣴ࡍࡿࡓࡵ
࡟㢖⦾࡟฼⏝ࡉࢀ࡚ࡁࡓࠋᐇ㝿࡟ࠊLaluࡽࡣMSCsࢆ⏝࠸ࡓ 36౛ࡢ⮫ᗋ◊✲ࡢ࠺ࡕࠊ27
౛࡛ FBSࡀ౑⏝ࡉࢀ࡚࠸ࡓࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ [48]ࠋࡋ࠿ࡋࠊ␗✀ື≀⏤᮶ᡂศࡢ฼⏝
ࡣᮍ▱ࡢឤᰁ※ࢆఏ᧛ࡉࡏࡿྍ⬟ᛶࡀ࠶ࡿ௚࡟ࠊᵝࠎ࡞๪స⏝ࡸࣜࢫࢡࢆᏎࡴࡇ࡜ࡀㄆ▱
ࡉࢀ࡚ࡁ࡚࠸ࡿࠋ୍᪉ࠊᝈ⪅⮬ᕫ⾑Ύࢆ฼⏝ࡍࡿࡇ࡜࡛ FBSࡢ౑⏝ࢆ㑊ࡅࡿࡇ࡜ࡀ࡛ࡁ
ࡿࡀࠊ⮬ᕫ⾑Ύࢆศ㞳ࡍࡿ㝿ࡢᝈ⪅㈇ᢸࡀ኱ࡁ࠸ࡇ࡜ࡀᮍࡔၥ㢟࡜࡞ࡿࠋࡘࡲࡾࠊឤᰁࣜ
ࢫࢡࡸᝈ⪅㈇ᢸࢆ㍍ῶࡉࡏࡿࡇ࡜ࡢ࡛ࡁࡿ Xeno-free/Serum-free᮲௳ୗ࡛ࡢMSCsࡢᇵ
㣴ࡣࠊ⮫ᗋⓗ࡟ࡶ⛉Ꮫⓗ࡟ࡶ⌮᝿ⓗ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋᮏ◊✲࡟࠾࠸࡚ࠊ⚾ࡓࡕࡣ C-
MSCsࡢᇵ㣴࡟᪤〇ရࡢ Xeno-freeᇵ㣴ᾮࢆ᥇⏝ࡋࡓࠋXeno-free᮲௳ୗ࡟స〇ࡋࡓ C-
MSCsࡣࠊᚑ᮶ࡢ FBSࢆ⏝࠸࡚స〇ࡋࡓ C-MSCs [30, 32, 49] ࡜ྠ➼ࡢ㦵⤌⧊෌⏕ຠᯝࢆ
Ⓨ᥹ࡋࡓࠋ㔜せ࡞ࡇ࡜࡟ࠊ⚾ࡓࡕࡣࡇࢀࡲ࡛࡟ࠊIFN-γฎ⌮ࡉࢀࡓࣄࢺ C-MSCsࡀ㧗࠸ච
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␿ไᚚ⬟ࢆⓎ᥹ࡋࠊ௚ᐙ⛣᳜࡟ࡶ᭷⏝࡛࠶ࡿࡇ࡜ [32]ࠊࡉࡽ࡟ Xeno-free෾⤖ಖᏑ๣࡛෾
⤖ಖᏑࡋࡓ C-MSCsࡀゎ෾ᚋࡶ⣽⬊⏕Ꮡࢆ⥔ᣢࡋࠊຠᯝⓗ࡞㦵෌⏕⬟ࢆⓎ᥹ࡍࡿࡇ࡜ 
[49] ࢆ᫂ࡽ࠿࡟ࡋ࡚ࡁࡓࠋࡑࡇ࡛ࠊࡇࢀࡽࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡟ࡼࡗ࡚ࠊ஦๓࡟ Xeno-
free᮲௳ୗ࡛௚ᐙMSCs࠿ࡽ C-MSCsࢆ㔞⏘࣭ഛ⵳ࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࢀࡤࠊCell 
processing center (CPC) ࡢࡼ࠺࡞≉ู࡞タഛࢆ᭷ࡉ࡞࠸⑓㝔࡛࠶ࡗ࡚ࡶእ㒊࡟࣮࢜ࢲ࣮
ࡍࡿࡔࡅ࡛ࠊᚲせ࡞ᩘࡢㄪᩚࡉࢀࡓ C-MSCsࢆ᪤〇ရࡢ⣽⬊〇๣࡜ࡋ࡚㏿ࡸ࠿࡟⛣᳜ࡍࡿ
ࡇ࡜ࡀྍ⬟࡞ࠊ᪂つ㦵/ṑ࿘⤌⧊෌⏕἞⒪ἲࡢ㛤Ⓨ࡟㈉⊩ࡍࡿ࡜ゝ࠼ࡿࠋ 
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➨ 5❶ ⥲ ᣓ 
 
C-MSCsࢆ⏝࠸ࡓṑ࿘⤌⧊෌⏕⒪ἲࡢ⮫ᗋᛂ⏝ࢆ┠ᣦࡋࠊXeno-free/Serum-free ᮲௳ୗ
࡟ C-MSCsࢆస〇ࡋࠊ㦵⤌⧊෌⏕ᶵᗎࡢゎᯒࢆ⾜ࡗࡓࠋࡍ࡞ࢃࡕࠊXeno-free/Serum-free 
᮲௳ୗ࡟స〇ࡋࡓࣄࢺ C-MSCsࡢᛶ㉁ࢆホ౯ࡋࡓᚋࠊSCID࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆ࡟⛣᳜ࡋ
ࡓࠋࡑࡋ࡚ࠊ㦵෌⏕㐣⛬࡟࠾ࡅࡿ C-MSCsᵓᡂ⣽⬊࡜ ECMࡢ⤌⧊ෆศᕸࢆホ౯ࡋ㦵⤌⧊
෌⏕ᶵᗎࡢゎᯒࢆ⾜࠸ࠊ௨ୗࡢ⤖ᯝࢆᚓࡓࠋ 
 
1) Xeno-free/Serum-free ᮲௳ୗ࡟సᡂࡋࡓ C-MSCsࡣࠊᚑ᮶ࡢ FBS౑⏝ୗ࡟స〇ࡋࡓ
C-MSCs࡜ྠᵝ࡟ࠊ㔜⠜࡞⣽⬊Ṛࢆㄆࡵࡎࠊ⣽⬊ࡢ㊊ሙ࡜࡞ࡿ㇏ᐩ࡞Ϩᆺࢥ࣮ࣛࢤࣥ࡟ࡼ
ࡗ࡚ᵓᡂࡉࢀ࡚࠸ࡓࠋ 
2) C-MSCsࡢ⛣᳜ࡣ SCID࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆࢆຠᯝⓗ࡟෌⏕ࡋࡓࠋ 
3) C-MSCsࡢ⛣᳜࡟ࡼࡿ㦵⤌⧊෌⏕ᶵᗎࡣࠊḞᦆ㒊࡟࠾ࡅࡿࢻࢼ࣮⣽⬊⮬㌟ࡢ㦵ศ໬࡜࣍
ࢫࢺ⣽⬊ࡢ㦵ᙧᡂㄏᑟಁ㐍࡟ࡼࡿࡶࡢ࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
4) ࣍ࢫࢺ⣽⬊ࡣ C-MSCsࡢᇶ㉁ࡢࡳࢆ㊊ሙ࡟㦵⤌⧊ᙧᡂࢆㄏᑟࡍࡿࡇ࡜ࡣ࡛ࡁࡎࠊ 
C-MSCsࡀࢻࢼ࣮⣽⬊࡜㊊ሙ࡜࡞ࡿ⣽⬊⮬㌟ࡀ⏘⏕ࡋࡓ㇏ᐩ࡞ᇶ㉁࠿ࡽ࡞ࡿ⛣᳜య࡛࠶ࡿ
ࡇ࡜ࡢ㔜せᛶࡀ♧၀ࡉࢀࡓࠋ 
 
 ௨ୖࡢࡇ࡜࠿ࡽࠊXeno-free/Serum-free ᮲௳ୗ࡟సᡂࡋࡓ C-MSCsࡣࠊ⏕యෆ࡛⮬ࡽ
ࡀ㦵ศ໬ࡋࠊࡉࡽ࡟࣍ࢫࢺ⣽⬊ࡢ㦵ᙧᡂㄏᑟࢆ௓ࡋ࡚㦵⤌⧊෌⏕ࢆಁ㐍ࡍࡿࡇ࡜ࡀ♧၀ࡉ
ࢀࡓࠋ 
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ᅗ 1  Xeno-free/Serum-free᮲௳ୗ࡛ࡢ C-MSCsస〇ࠋ 
(A) C-MSCsࡢస〇㐣⛬ࡢᶍᘧᅗࢆ♧ࡍࠋa: Day0 (⣽⬊ࢩ࣮ࢺ) ࡢ⫗║ᡤぢࠋb: Day3 (C-
MSCs) ࡢ⫗║ᡤぢࠋ(B) Day0 (⣽⬊ࢩ࣮ࢺ) ࡛ࢧࣥࣉࣝࡢᅇ཰ࢆ⾜࠸ࠊࣇ࣮ࣟࢧ࢖ࢺ࣓ࢺ
࣮ࣜࢆ⏝࠸࡚MSC࣐࣮࣮࢝ࡢⓎ⌧ࢆほᐹࡋࡓࠋ㟷ࡶࡋࡃ㉥⥺ࡢࣄࢫࢺࢢ࣒ࣛࡣ CD105, 
CD90, CD73, CR45, ࡲࡓࡣ CD34㝧ᛶ⣽⬊ࢆ♧ࡍࠋ⅊Ⰽࡢࣄࢫࢺࢢ࣒ࣛࡣ࢔࢖ࢯࢱ࢖
ࣉ࣭ࢥࣥࢺ࣮ࣟࣝ IgGࢆ཯ᛂࡉࡏࡓ⣽⬊ࢆ♧ࡍࠋ(C) Day0, Day1, Day3࡛ C-MSCsࢆᅇ
཰ࡋࠊH&EᰁⰍࢆ⾜ࡗࡓࠋୖẁࡣᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=500 μm)ࠊୗẁࡣᙉᣑ኱ീ 
(ࢫࢣ࣮ࣝࣂ࣮=50 μm) ࢆ♧ࡍࠋ(D&E) Day3࡛ C-MSCsࢆᅇ཰ࡋࠊᅛᐃᚋ࡟㐃⥆ษ∦ࢆ
స〇ࡋࠊᰁⰍࢆ⾜ࡗࡓࠋ(D) TUNELᰁⰍࡢ⤌⧊ീࠋ TUNEL㝧ᛶ⣽⬊ (⥳)ࠊ⣽⬊᰾ (㟷) 
(ࢫࢣ࣮ࣝࣂ࣮=50 μm)ࠋ (E) 㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢච␿ᰁⰍീࠋ ࣄࢺϨᆺࢥ࣮ࣛࢤࣥ 
(hCOLϨ) (⥳)ࠊࣄࢺ࢜ࢫࢸ࣏࢜ࣥࢳࣥ (hOPN) (㉥)ࠊࣄࢺ࢜ࢫࢸ࢜࢝ࣝࢩࣥ (hOCN) 
(㉥)ࠊ⣽⬊᰾ (㟷) (ࢫࢣ࣮ࣝࣂ࣮=50 μm)ࠋ 
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ᅗ 2 Xeno-free/Serum-free᮲௳ୗ࡛స〇ࡉࢀࡓ C-MSCsࡢ⛣᳜ࡣ࣐࢘ࢫ㢌⵹㦵ࢆ෌⏕ࡍ
ࡿࠋ 
(A) C-MSCs⛣᳜㐣⛬ࡢᶍᘧᅗࢆ♧ࡍࠋC-MSCsࢆேᕤ㊊ሙᮦᩱࢆ⏝࠸ࡎ࡟ࠊSCID࣐࢘
ࢫ㢌⵹ෙ 1.6 mmḞᦆ࡟⛣᳜ࡋࡓࠋࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚㠀⛣᳜⩌ࢆタᐃࡋࡓࠋ(B) ⛣᳜ 1, 
2, 4, 8㐌㛫ᚋࡢmicro CT⏬ീࠋ(C) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋࡢ㦵Ḟᦆ㒊࡟࠾ࡅࡿ෌⏕㦵㔞 
(BV) /඲య⤌⧊㔞 (TV)ࠋ࢚࣮ࣛࣂ࣮ࡣ S.D.್ࢆ♧ࡍࠋ**P<0.01  
  
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ᅗ 2 Xeno-free/Serum-free᮲௳ୗ࡛స〇ࡉࢀࡓ C-MSCsࡢ࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆ⛣᳜ᚋࡢ
⤌⧊ീࠋ 
(D&E) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋ࡟࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ࡟ᅛᐃࡋࡓࠋ๓㢌᩿࡛ษ
∦ࢆస〇ࡋࠊH&EᰁⰍࢆ⾜ࡗࡓࠋ (D) ⛣᳜ 8㐌ᚋࡢ㠀⛣᳜⩌ (ࢫࢣ࣮ࣝࣂ࣮=500 μm)ࠋ
(E) ⛣᳜ 1, 2, 4, 8㐌ᚋࡢ C-MSCs⛣᳜⩌ (ࢫࢣ࣮ࣝࣂ࣮=500 μm)ࠋୗẁ࡟࣎ࢵࢡࢫ㡿ᇦ
ࡢᙉᣑ኱ീࢆ♧ࡍ (ࢫࢣ࣮ࣝࣂ࣮=50 μm)ࠋ 
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ᅗ 3 C-MSCs⛣᳜㒊࡟࠾ࡅࡿ⛣᳜ࡉࢀࡓࢻࢼ࣮⣽⬊࡜࣍ࢫࢺ⣽⬊ࡢศᕸࠋ 
(A) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋ࡟࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ࡟ᅛᐃࡋࡓࠋ๓㢌᩿࡛ษ∦ࢆ
స〇ࡋࠊࣄࢺ vimentin࡟ᑐࡍࡿ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓࠋࣄࢺ vimentin (hVimentin) 
(⥳)ࠊ⣽⬊᰾ (㟷)ࠋୖẁࡣᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=500 μm)ࠊୗẁࡣᙉᣑ኱ീ (ࢫࢣ࣮ࣝ
ࣂ࣮=50 μm) ࢆ♧ࡍࠋ(B) 㦵Ḟᦆ୰ኸ㒊ࠊ㎶⦕㒊 (୧ഃ)ࠊ୰㛫㒊 (୧ഃ)ࡢ 5࠿ᡤ࡟ࡘ࠸
࡚ࠊࣄࢺ vimentin㝧ᛶࢻࢼ࣮⣽⬊ᩘ࡜ࣄࢺ vimentin㝜ᛶ࣍ࢫࢺ⣽⬊ᩘࢆィ ࡋࡓࠋ⤖ᯝ
ࢆᖹᆒࡋࠊ⣽⬊ᩘࡢᐃ㔞ࢆ⾜ࡗࡓࠋ࢚࣮ࣛࣂ࣮ࡣ S.D.್ࢆ♧ࡍࠋ**P<0.01, *P<0.05 
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ᅗ 4  C-MSCs⛣᳜㒊࡟࠾ࡅࡿ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢⓎ⌧ࠋ 
(A) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋ࡟࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ࡟ᅛᐃࡋࡓࠋ๓㢌᩿࡛ษ∦ࢆ
స〇ࡋࠊAzanᰁⰍ࡜ࣄࢺ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢච␿ᰁⰍࢆ⾜ࡗࡓࠋࣄࢺϨᆺࢥ࣮ࣛࢤࣥ 
(hCOLϨ) (⥳)ࠊࣄࢺ࢜ࢫࢸ࣏࢜ࣥࢳࣥ (hOPN) (㉥)ࠊࣄࢺ࢜ࢫࢸ࢜࢝ࣝࢩࣥ (hOCN) 
(㉥)ࠊ⣽⬊᰾ (㟷)ࠋୖẁࡣᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=200 μm)ࠊୗẁࡣᙉᣑ኱ീ (ࢫࢣ࣮ࣝ
ࣂ࣮=50 μm) ࢆ♧ࡍࠋ 
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ᅗ 4  C-MSCs⛣᳜㒊࡟࠾ࡅࡿ㦵⣽⬊ᙧែゎᯒࠋ 
(B) ⛣᳜ 2㐌㛫ࡲࡓࡣ 4㐌㛫ᚋ࡟࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ࡟ᅛᐃࡋࡓࠋࢡࣛ࢖࢜
ࢫࢱࢵࢺࢆ⏝࠸࡚๓㢌᩿࡛෾⤖ษ∦ࢆస〇ࡋࠊࣄࢺ vimentin࡜ F-actinࡢᰁⰍࢆ⾜ࡗࡓࠋ
ࣄࢺ vimentin (hVimentin) (⥳)ࠊ F-actin (㉥)ࠊ⣽⬊᰾ (㟷)ࠋᕥ࡟ᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ
࣮=250 μm)ࠊྑ࡟࣎ࢵࢡࢫ㡿ᇦ (a, b, c, d) ࡢᙉᣑ኱ 3Dᵓ⠏⏬ീ (ࢫࢣ࣮ࣝࣂ࣮=25 μm) 
ࢆ♧ࡍࠋ 
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ᅗ 5  Decell-C-MSCs⛣᳜㒊ࡢ⤌⧊ീࠋ 
(A) C-MSCsࠊDecell-C-MSCsࠊ⇕ฎ⌮࡟ࡼࡗ࡚ࢥ࣮ࣛࢤࣥࢆኚᛶࡉࡏࡓ C-MSCs (heat-
treated C-MSCs) ࢆ࠙ᮦᩱ࡜᪉ἲࠚ࡟ᚑ࠸స〇ࡋࡓࠋᅛᐃᚋ࡟ษ∦ࢆస〇ࡋࠊH&Eᰁ
ⰍࠊCOLϨࡢ⺯ගච␿ᰁⰍࠊ5-FAM conjugated-collagen hybridizing peptide࡟ࡼࡿᰁⰍ
ࢆ⾜ࡗࡓࠋᕥ࡟ᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=200 μm)ࠊᕥ࠿ࡽ 2, 3, 4␒┠࡟࣎ࢵࢡࢫ㡿ᇦࡢᙉ
ᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=50 μm) ࢆ♧ࡍࠋ 
 
 
 
 
 
 
43 
 
 
ᅗ 5  Decell-C-MSCsࡢ⛣᳜ࡣ࣐࢘ࢫ㢌⵹㦵ࢆ෌⏕ࡋ࡞࠿ࡗࡓࠋ 
(B) Decell-C-MSCs⛣᳜㐣⛬ࡢᶍᘧᅗࢆ♧ࡍࠋDecell-C-MSCsࢆேᕤ㊊ሙᮦᩱࢆ⏝࠸ࡎ
࡟ࠊSCID࣐࢘ࢫ㢌⵹ෙ 1.6mmḞᦆ࡟⛣᳜ࡋࡓࠋ(C) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋࡢmicro CT⏬
ീࠋ(D) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋࡢ㦵Ḟᦆ㒊࡟࠾ࡅࡿ෌⏕㦵㔞 (BV) /඲య⤌⧊㔞 (TV)ࠋ࢚ࣛ
࣮ࣂ࣮ࡣ S.D.್ࢆ♧ࡍࠋ 
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ᅗ 5  Decell-C-MSCsࡢ࣐࢘ࢫ㢌⵹ෙ㦵Ḟᦆ⛣᳜ᚋࡢ⤌⧊ീࠋ 
(E) ⛣᳜ 1, 2, 4, 8㐌㛫ᚋ࡟࣐࢘ࢫࢆᒕẅࡋࠊ㢌⵹㦵ࢆᅇ཰ᚋ࡟ᅛᐃࡋࡓࠋ๓㢌᩿࡛ษ∦ࢆ
స〇ࡋࠊH&EᰁⰍࠊAzanᰁⰍࠊࣄࢺ vimentin࡜ࣄࢺ㦵ᇶ㉁㛵㐃ࢱࣥࣃࢡࡢ⺯ගච␿ᰁ
Ⰽࢆ⾜ࡗࡓࠋࣄࢺϨᆺࢥ࣮ࣛࢤࣥ (hCOLϨ) (⥳)ࠊࣄࢺ࢜ࢫࢸ࣏࢜ࣥࢳࣥ (hOPN) (㉥)ࠊ
ࣄࢺ࢜ࢫࢸ࢜࢝ࣝࢩࣥ (hOCN) (㉥)ࠊ⣽⬊᰾ (㟷)ࠋୖẁࡣᙅᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮=200 
μm)ࠊୗẁࡣ࣎ࢵࢡࢫ㡿ᇦࡢᙉᣑ኱ീ (ࢫࢣ࣮ࣝࣂ࣮= 50 μm) ࢆ♧ࡍࠋⓑ࣎ࢵࢡࢫࡣ㦵Ḟ
ᦆ㒊࡟࠾ࡅࡿ hCOLϨࡢ඲యീࢆ♧ࡍࠋ 
 
 
